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PART    n. 


Th£  Mineral  Kingdom  :  Minsralogy^ 


CHAP.    IV. 


Geaus  U.    ImperfeS  Neutral  Salts^  with  a  Bafe  of 
AmmoniaCj  or  Ammoniacal  Salts. 

AMMONiACAL  falts  are  formed  bj  the  combinatioa 
of  an  acid  with  volatile  alkali,  or  ammoniac.  Their 
tafte  is  generally  urinous  :  all  of  them  are  more  or  Ie& 
volatile,  and  eafier  of  decompofition  than  perfe£k  neu- 
tral falts*  We  are  acquainted  with  fix  kinds  or  fpecies 
of  ammoniacal  falts: — amn^oniacal  fulphate;  ammonia- 
cal nitrate ;  ammoniacal  miuiate,  or  fal  ammoniac  pro- 
perly fo  called;  ammoniacal  borate;  ammoniacal  fluate;« 
and  ammoniacal  carbonate, 
ypi..  IL  A  Species 


%  Salts. 


Species  I.  Ammoniacal  Sidphaie, 

Ammoniacal  fulphate,  formerly  called  ammoniacal 
'uiirioUc  falty  or  ammoniacal  vitriol^  refults  from  ^  fatu* 
rated  combination  of  the  fulphuric  acid  with  ammo- 
niac. It  is  czWtdi  fecret  ammoniacal  fait  of  Glauber  ^  be- 
caufc  this  chemift  was  the  firft  who  difcovered  it. 

This  fait,  wl^en  ve^y  pure,  appears  un^er  the  form 
of  needles,  which  when,  carefully  examined  are  found 
to  be  flattened  prifms  of  fix  faces,  two  of  them  very 
large,  and  Terminating  in  fix-fided  pyramids  more  or 
\d>>  irrCi^uIar  :  but  this  form  varies  almoft,  always  either 
more  or  lefs  from  what  we  have  defcribed.  Sometimes 
this  fait  appears  in  quadrangular  prifms  ;  and  I  have 
often  obtained  it  in  very  thin  ifquare  plates.  Its  form, 
as  in  other  inflances  of  cryftallization,  feems  to  depend 
on  the  manner  in  which  the  cryftalline  laminse  are  de- 
pofited ;  which  is  either  on  their  largefl  faces,  their 
^dges,  or  their  angles. 

The  tafte  of  this  fait  is  bitter  and  urinous  ^  it  is  pret- 
ty light,  and  very  friable. 

As  it  contains,  in  cryftals,  a  good  deal  of  water,  even 
a  moderate  fire  inftantly  liquefies  it ;  but  it  becomes  gra- 
dually dry,  in  proportion  as  the  water  which  it  contain- 
ed is  evaporated.  When  brought  to  this  fla^'e,  it  melts, 
according  to  M.  Bucquet,  as  it  begins  to  become  red- 
hot,  without  volatilizing  ;  but  M.  Baume  fays  that  it  is 
partly  volatile.  On  repeating  this  experiment,  I  obfer- 
ved  that  part  of  this  fait  is  a£lually  fublimated,  but  pare 
i^mains  fixed  in  the  veffels.  M.  Bucquet  is  certainly, 
to  be  underflood  as  fpeaking  of  this  lafl  part. 

Ammoniacal 
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Ammoniacal  fulphate  fuffers  fcarce  any  alteration 
from  air.  It  does  not  efflorefce  like  fulphate  of  foda, 
but  rather  attrads  moifture. 

It  dilToIves  very  readily  in  water  :  two  parts  of  cold 
water  diflblve  one  of  this  fait ;  and  boiling  water  dif- 
folves  a  quantity  equal  to  its  own  weight.  It  cryftal- 
lizes  by  cooling ;  but  the  fined  cryftals  which  it  affords 
are  obtained  by  infenfible  and  fpontaneous  evaporation. 
It  combines  alfo  with  ice,  which  it  caufes  to  melt  with 
a  confiderable  cold.  It  ads  not  at  all  on  either  alumi* 
nous  or  filiceous  earth.  Magnefia  decompofes  it  in  part, 
dpecially  if  time  be  allowed  it  to  ad,  as  Bergman  has 
obfcrved- 

Quicklime,  barytes,  and  the  pure  fixed  alkalis  difen- 
gage  the  ammoniac  from  this  fait ;  and  we  fliall  find  the 
cafe  to  be  the  fame  with  regard  to  ammoniacal  muriate. 
When  carbonate  of  potafh  or  foda  is  diflilled  with  am- 
moniacal fulphate,  a  double  decompofition  and  combi- 
nation take  place.  The  fulphuric  acid  combining  with 
the  fixed  alkali,  forms  fulphate  of  foda  or  potafh,  accord- 
ing  to  the  nature  of  the  alkali ;  and  the  carbonic  acid 
which  is  difengaged,  being  volatilized  at  the  fame  time 
with  the  alkaline  gas  or  ammoniac,  thefe  two  bodies 
unite,  forming  a  peculiar  ammoniacal  fait,  which  is 
cryftallized  in  the  receiver.  We  fhall  confider  this 
mauer  more  at  large  under  the  hiftory  of  Ammoniacal 
Muriate.  ^ 

The  nitric  and  the  muriatic  acids  feparate  part  of 
the  fulphuric  acid  from  ammonaical  fulphate  ;  acting 
upon  it  juft  as  upon  fulphate  of  potafh  and  foda. 

This  fait  has  never  yet  been  found  among  the  pro- 
dufts  of  nature.     Yet  M.  Rome  de  Lille,  in  his  Ef&y 
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on  Cryftallography,  177a,  page  57,  informs  us,  that, 
in  M.  Sage's  opinion,  the  ammoniac  fait  produced  froiii 
volcanoes  is  of  this  kind.  Art  produces  it  by  a  dired 
combination  of  the  fulphuric  acid  with  ammoniac,  by 
decompoiing  earthy  or  metallic  falts  with  volatile  alka-r 
li,  or  laftly,  by  decpmpofing  nitric,  muriatic,  and  carr 
bonic  ammoniacal  falts  with  fulphuric  acid. 

Ammoniacal  fuiphate  is  applied  to  no  ufe ;  though 
Glauber  has  recommended  it  ftroagly  for  metailurgic 
operations. 


Species  II.  Ammoniacal  Nitrate. 

Ammoniacal  nitrate,  or  nitrous  ammoniacal  fait  ^  \%^ 
like  the  foregoing  fait,  a  produft  of  art.  It  is  prepared 
by  a  direft  combinaiiop  of  the  nitric  acid  with  ammo- 
niac. Its  cryftals  are  prifms }  but  the  number  and  tha 
difpofition  of  their  faces  are  not  well  known.  M.  Rome 
dc  Lille  fays,  that  it  fometimes  cryftalUzes  into  beautiful 
needles  pretty  fmiilar  to  thofe  of  fuiphate  of  potalh. 
But  its  needles  are  long  and  ftriated,  and  refemble 
thofe  of  common  nitre  much  more  than  fuiphate  of 
potafli.  The  tafte  of  this  fait  is  bitter,  pungent,  fome- 
what  freih  and  urinous.  It  is  equally  friable  with  am- 
moniacal fulphat^.  It  liquefies  when  expofed  to  the 
aftion  of  fire  ;  (exhales  aquous  vapours,  becomes  dry, 
and  long  before  being  red-hot  detonizes  of  itfelf,  with- 
out being  in  contact  with  any  combuftible  matter,  and 
even  in  clofe  veiTels.  In  the  firft  edition  of  this  work 
it  was  obferved,  that  this  fiagular  property  appeared  to 
depend  on  the  anunoaiac,  becaufe  the  alkaline  gas 
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fisems  to  have  fomething  combuftible  in  iu  nature,  and 
increafes  before  extinguifliing  the  flame  of  a  taper.  M. 
BetthoUet  having  expofed  a  quantity  of  ammoniacal 
nitre  to  the  adion  of  fire  in  a  diftillatory  and  pneu- 
Diato-chemical  apparatos,  and  having  obferved  the 
phaenomena  which  it  then  exhibited* with  peculiar  at- 
tention; difcovered  that  it  is  not  a  true  detonation  which 
takes  place  on  that  occafion,  but  a  rapid  decompofition, 
by  which  part  of  the  volatile  alkali  or  ammoniac  is 
entirely  deftroyed  :  the  water  obtained  in  the  receiver 
contains  a  little  nitric  acid,  proportioned  to  the  quan- 
tity of  the  ammoniac  decompofed ;  and  the  btter  gives 
out  azotic  gas,  or  atmofpheric  mephitis.  On  weighing 
the  liquid  produfl  of  this  operation,  the  quantity  of 
water  is  found  to  be  greater  than  what  the  ammoniacal 
nitre  was  known  to  contain ;  and  M.  BerthoUet  thinks 
this  increafe  of  the  water  to  be  owing  to  the  combina- 
tion of  the  hydrogene  of  the  ammoniac  with  the  oxi« 
gene  of  the  nitric  acid.  The  azote,  the  other  prin- 
ciple of  this  fait,  which  contains  fix  parts  of  azote  for 
one  of  hydrogene,  efcapes,  and  i^  coUeded  under  the 
glaiTes  of  the  pneumatic-machine,  in  the  form  of  azotic 
gas. 

It  is  not  known  whether  this  fait  be  fufible ;  for  its 
firft  liquefaflion  is  owing  to  the  Water  of  its  cryftal- 
lization,  and  it  is  diflipated  before  it  can  undergo  a 
fecond. 

We  are  equally  ignorant  with  regard  to  its  volatility: 
we  can  form  no  judgment  of  it;  for,  before  it  can  be 
fublimated,  it  fwells  and  is  decompofed. 

It  feebly  attracts  the  moifture  of  the  air  ;  its  cryftals 
Agglutinate,  and  form  a  kind  of  clods. 
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It  diffolves  yety  readily  in  water ;  it  combines  with 
ice,  and  melts  it,  producing  at  the  fame  time  a  confider- 
able  cold.  It  diffolves  more  readily  in  warm  than  in 
cold  water  :  not  more  than  half  a  part  of  the  former 
is  requiflte  to  maintain  it  in  folution,  and  it  cryflalizes 
by  cooling,  but  irregularly.  To  obtain  this  fait  in  re- 
gular cryftals,  recourfe  mud  be  had  to  fpontaneous  or 
infenfible  evaporation. 

Ammoniacal  nitrate  is  decompofed  by  barytes,  quick- 
lime and  the  fixed  alkalis,  in  the  fame  manner  as  am- 
moniacal fulphate.  As  the  alkaline  gas  feparated  by 
thefe  cauftic  fubftances  is  very  volatile  and  expanfive ; 
ammoniacal  nitrate,  as  well  as  the  other  neutral  falts  of 
the  fame  genus,  may  be  decompofed  cold  by  trituration 
with  quicklime.  But  when  this  decompofition  is  at- 
tempted by  fire  in  clofe  veffels,  the  heat  muft  be  very 
cautiouily  managed,  to  prevent  it  from  a&ual  combuf- 
tion. 

The  fulphuric  difengages  the  nitric  acid  from  this 
fait  with  effervefcence,  and  combines  with  its  bafe  to 
form  ammoniacal  fulphate. 

Carbonate  of  potafh  or  foda  decompofes  it,  and  is  in 
its  turn  decompofed  by  it.  In  thefe  operations,  the 
ammoniac  is  fublimated  in  a  concrete'  form :  the  fub- 
limate  we  are  afterwards  to  examine  under  the  name  of 
aTnmomacal  carbonate* 

Ammoniacal  nitre  is  not  applied  to  any  ufe. 

Species  III.     Ammomacal  Muriatic  or  Sal  Ammoniac. 

Aaiimoniacal  muriate,  or  the  faturated  combination 
of  the  muriatic  acid  with  ammoniac,  was  called  by  the 
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aDdcDls  Jhl  Mmmbniac  ;  becaufe  it  was  procured  from 
Ammonia,  a  comitry  in  Libya,  in  which  flood  the  tem- 
ple of  Japiter  Ammon. 

This  fait  is  found  in  places  adjacent  to  volcanoesi 
It  appears  in  the  form  of  an  efflorefcence^  or  groups 
of  needles,  feparate,  or  compared  together,  generally 
of  a  yellow  or  red  colour,  and  mixed  with  arfenic  and 
orpiment :  but  no  ufe  is  made  of  that  which  is  procured 
in  this  way.  The/al  ammoniac  employed  in  the  arts,  is 
prepared  by  a  procefs  which  we  are  about  to  defcribe* 

The  real  origin  of  this  factitious  fajt  was  unknowiT 
till  the  beginning  of  the  prefent  century,  tho'  it  had 
been  made  ufe  of  in  many  of  the  arts  from  time  imme- 
morial* M.  Lemere,  conful  at  Cairo,  in  a  letter  to  the 
academy,  dated  24th  June  17x9,  firft  informed  us  how 
fal  ammoniac  is  obtained  from  the  foot  of  camels  dung, 
which  IS  burnt  at  Cairo  inftead  of  woodi 

This  foot  is  put  into  large  round  bottles  a  foot  and 
an  half  in  diameter,  and  terminating  in  a  neck  two  in- 
ches long.  Thefe  bottles  are  filled  up  with  this  matter 
to  within  four  inches  of  the  neck.  Each  bottle  holds 
about  forty  pounds  of  foot,  and  affords  nearly  fix  pounds 
of  fait.  Thefe  veflels  are  put  into  a  furnace  in  the  form 
of  an  oven,  fo  that  only  the  necks  appear  above.  A 
fire  of  camel's  dimg  is  kindled  beneath  it,  and  conti- 
nued for  three  days  and  three  nights.  On  the  fecond 
and  the  third  day  the  fait  is  fublimated.  The  bottles 
are  then  broken,  and  the  fait  taken  out  in  cakes.  Thefe 
cakes,  which  are  fent  us  juft  as  they  have  been  taken 
out  of  the  bottles  in  Egypt,  are  convex,  and  unequal 
on  the  one  fide;  on  the  middle  of  this  fide  they  exhibit, 
each  a  tubercle  correfponding  to  the  neck  of  the  bot- 
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tie  m  which  it  was  prepared.  The  lower  fi4e  is  coil* 
cave  ;  and  both  are  footy. 

Pomet  makes  mention  of  a  /al  ammoniac^  procured 
by  the  way  of  Holland,  in  truncated  cakes  refembling 
fugar  loaves.  Geoffroy,  1«rho  was  the  firft  in  France 
that  difcovered  from  what  materials  this  fait  is  obtain* 
ed,  and  who  even  guefled  fuccefsfuUy  at  the  procefs 
employed  in  Cairo  for  preparing  it ;  found  out  that 
this  fecond  fpecies  of  fal  ammoniac  comes  from  the  In« 
dies,  where  it  is  prepared  in  much  greater  quantities 
than  in  Egypt,  by  the  fame  procefs  of  fublimation,  but 
in  a  different  form.  Thefe  Indian  loaves  confift  of 
fourteen  or  fifteen  pounds  each,  are  hollow  at  the  bot- 
tom, and  formed  of  various  layers.  The  cone  is  trun- 
cated, becaufe  its  extremity,  being  impure^  is  always 
broken  off*. 

M.  Baum^  has  eftabli&ed,  in  the  neighbourhood  of 
Paris,  a  manufafkory  of  ammoniacal  fait ;  in  which  this 
fait  is  compofed,  not  extra&ed  as  in  Egypt.  M.  Baume's 
fait  is  likewife  purer  than  the  Egyptian.* 

Ammoniacal  muriate  has  a  poignant,  acrid,  and  u- 
rinous  tafte.  Its  cryftals  are  in  the  form  of  long  hexa-^ 
hsedral  pyramids  :  a  number  of  them  are  fometimes 
united  together  in  an  acute  angular  direction,  fo  as  to 

exhibit 

*  In  Britain  fal  ammoniac  is  likewife  prepared  in  great  quanti-* 
titles.  The  volatile  alkali  is  obtained  from  foot,  bones,  and  other 
fubftances  known  to  contain  it.  To  this  the  vitriolic  acid  is  added; 
and  this  vitriolic  ammoniac  is  decompofed  by  common  fait  by  a 
double  affinity.  The  liquor  obtained  in  confequence  of  this  de- 
compofition  contains  fulp)iate  of  foda  and  fal  ammoniac.  The 
firft  is  cryftallized,  and  the  fecond  fublimated  fo  as  to  form  cakes, 
which  are  then  expofed  to  fale.  Lord  Dundonald,  by  an  ingen- 
]0us  proccfsi  eztrafted  ammoniac  from  pit-coaL    H. 


exhibit  the  form  of  feathers.  M.  Rome  de  Lille  thtftks 
the  cryftals  of  ammoaiacal  muriate  to  be  oflohsedroxB 
bandied  together.  This  fait  is  fometimes,  but  not  ire^ 
quently,  found  in  cuImc  cryftals  in  the  middle  of  the 
concave  hollow  part  of  the  fublimated  cakes. 

This  (alt  poflefies  one  pretty  fiogular  phyfical  pro* 
perty ;  a  kind  of  dudiKty  or  elafticity,  which  caufes  it 
to  yield  under  the  hammer,  or  even  the  fingers,  and 
makes  it  difficult  to  reduce  it  to  a  powder. 

Ammoniacal  muriate  is  totally  volatile ;  but  a  very 
ftrong  fire  is  requifite  to  fublimate  it.  This  method  is 
applied  when  it  is  wanted  very  pure  and  entirely  free 
of  water.  It  is  reduced  to  powder,  put  into  a  matras, 
and  the  veflel  is  then  immerfed  half  way  into  a  fand- 
bath,  where  it  is  gradually  heated  for  feveral  hours. 
By  this  means  we  obtain  a  mafs  confifting  of  ftriated 
needles,  joined  to  each  other  longitudinally.  When 
this  operation  is  properly  conduced,  very  regular  cubic 
cryftals  are  often  found  in  the  midft  of  the  loaves.  But 
if  too  ftrong  a  heat  have  been  applied,  the  produ£t  is 
only  a  fliapelefs  thick  and  femi-tranfparent  mafs,  with 
the  appearance  of  having  been  melted^ 

M.  Baume  has  obferved,  that  -by  repeated  fublima^ 
tions  of  this  fait,  a  fmall  quantity  both  of  ammoniac 
and  of  the  muriatic  acid  is  at  length  difengaged ;  fo 
that,  according  to  that  chemift,  ammoniacal  muriate 
might  perhaps  be  decompofed  by  continued  fubliiQa- 
tion.     This  fad  requires  confirmation. 

Ammoniacal  muriate  is  liable  to  no  alteration  from 
air ;  it  may  be  kept  for  a  long  time  without  fuffering 
any  change. 
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It  diflblves  very  readily  in  water.  Six  parts  of  tcM. 
water  are  fufEcient  to  diflblve  one  of  this  fait.  A  con-* 
fiderable  cold  is  produced  as  the  folution  takes  place, 
and  this  cold  is  ftill  keener  when  the  fait  is  mixed  with 
ice.  This  artificial  cold  is  happily  applied  to  produce 
feveral  phssnomena  which  could  not  otherwife  take 
place,  fuch  as  the  congelation  of  water  on  certain  occa- 
fions,  the  cryftallization  of  certain  fahs,  the  fixation 
and  prefervation  of  certain  liquids,  naturally  very  fub- 
jeft  to  evaporation,  &c. 

Boiling  water  diflblves  a  quantity  of  ammoniac^ 
nearly  equal  to  itfelf  in  weight.  This  fait  may  be  cryf- 
tailized  by  cooling ;  but,  like  other  falts,  it  gives  the 
moft  regular  cryftals  by  flow  or  fpontaneous  evapora- 
tion. A  ftrong  folution  of  this  fait,  when  inclofed  in  a 
flaik,  often  depofites  at  the  end  of  a  few  days  bundles 
of  cryflals,  confiding  of  an  horizontal  thread,  with 
others  united  to  it  in  a  perpendicular  direction  ;  and 
thefe  again  fupporting  others ;  fo  that  the  whole  toge- 
ther difplays  a  very  natural  imitation  of  vegetation.  I 
have  feveral  times  obferved  this  phaenomenon  in  my 
own  laboratory  *. 

Aluminous 

♦  Every  chemift  knows  of  what  advantage  it  is  to  examine  froxtt 
time  to  time  produAs  prcfcrved  in  a  laboratory,  more  efpecially  folu- 
tions  of  falts.  When  chance  o£Fers  any  curious  fads  to  ourobferva- 
tion,  we  ought  always  to  note  tliem  down,  that  we  may  not  lofe  what 
may  be  afterwards  found  of  high  importance.  Thus  have  I  many  times 
feen  cryftals  formed  which  1  could  not  obtain  by  evaporation.  It  hap- 
pens toOy  that  when  phials  are  moved  or  uncorked,  cryftals  are  foon 
after  depofited ;  for  motion  and  the  contaA  of  the  air  are  highly  fa* 
vourable  to  the  produdion  of  thefe.  This  note,  though  unneceflary 
to  thofe  who  have  httn  long  employed  in  chemical  purfuics»  may  be 
of  ufe  to  thofe  who  are  juft  beginning  to  engage  in  fuch  ftudies.  F, 
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Aluminous  earth  does  not  decompofe  ammoniacal 
muriate.  Magnefia  decompofes  it,  but  with  great  dif- 
ficulty, and  only  in  part,  as  Bergman  has  obfeved.  If 
a  mixture  of  magnefia  and  a  folution  of  ammoniacal 
muriate  be  put  into  a  phial,  at  the  end  of  a  few  hours, 
the  celebrated  chemift  of  Upfal  has  obferved,  there  is 
difengaged  a  quantity  of  ammoniacal  vapours ;  but 
this  phaenomenon  foon  ceafes,  and  but  a  very  little  of 
the  fait  is  decompofed. 

Both  lime  and  barytes  feparate  ammoniac  from  the 
muriatic  acid  even  cold*  The  ammoniac  gas  is  in- 
ftantly  volatilized,  if  this  fait  be  but  triturated  with 
quick*  U  me  ;  and  its  fmell  makes  a  lively  imprellion  on 
the  nerves.  When  this  experiment  is  performed  in 
dofe  veflels,  the  ammoniac  may  be  coUeded  in  water, 
either  in  a  gafeous  ftate  or  diffolved.  As  no  au- 
thor has  given  a  particular  explanation  of  the  method 
of  performing  this  operation,  though  modern  improve- 
ments have  rendered  it  both  accurate  and  certain,  we 
think  ourfelves  obliged  to  give  a  full  defcription  of  it  in 
this  place. 

A  mixture  of  ftrong  quicklime  and  very  dry  ammo- 
niacal muriate  heated  in  a  retort,  with  its  extremity 
immerfed  into  a  bell-glafs  full  of  mercury,  aflbrds  a 
large  quantity  of  alkaline  gas  or  ammoniac.  It  is  now 
known  why  fcarce  any  produd  is  obtained,  and  the  o- 
perator  is  expofed  to  danger  from  the  breaking  of  the 
veflels,  when  fuch  a  mixture  is  diftilled  in  balloons 
without  a  pneumato-chemlcal  apparatus.  Thefe  cir- 
cumftances  arife  from  the  rarefaclion  of  the  mixture, 
and  the  quantity  of  the  ammoniac  ga$  difengaged.  IVL 
Baume,  having  himfelf  experienced  part  of  thefe  in- 
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cionveniences,  gives  it  as  his  advice  to  put  water  intd 
the  retort.  This  fluid  abforbs  and  carries  off  part  of 
the  gas ;  but  as  the  gas  ^s  much  more  volatile  than  wa- 
ter, a  great  part  of  it  is  always  loft.  Chemifts  who  are 
now  acquainted  with  the  ftrong  affinity  between  am- 
inoniac  gas  and  water,  and  with  the  amazing  volati- 
lity of  the  gas,  employ  Mr  Woulfe*s  apparatus  very 
fuccefsfully  in  performing  this  operation.  This  inge- 
nious procefs  confifts  in  fitting  to  a  balloon  with  twd 
necks  an  empty  bottle,  and  joining  to  it  two  or  four 
collateral  bottles  connefted  by  fyphons.  Quicklime 
and  dry  powdered  ammoniacal  muriate  are  put  into  a 
ftone  retort,  which  is  luted  to  the  balloon :  a  mode<& 
rate  heat  is  then  cautioufly  applied  till  the  bottom  be- 
come red-hot,  and  even  begin  to  vitrify.  The  am- 
mcHiiac  gas  being  difengaged  by  the  lime,  paffes  intd 
the  balloon  and  the  bottles,  unites  with  the  water 
with  heat,  and  forms  in  the  firft  bottles  what  is  called 
volatile /pirit  of  alkali,  in  the  ftrongeft  and  moft  cauA 
tic  ftate  in  which  it  can  pof&bly  be  obtained-  By  this 
means  none  of  the  ammoniac  is  loft  ;  and  befides  the 
product  is  very  white  and  pure,  and  the  operator  is  in 
no  danger  from  the  vapour,  or  the  burfting  of  the  vef* 
fels*  Bucquet  and  I  likewife  found  by  a  great  many 
experiments,  that  one  part  and  an  half  of  lime,  inftead 
of  three  parts  which  are  ufually  employed,  are  fuiE^ 
cient  to  decompofe  one  part  of  ammoniacal  muriate* 
Lime  flaked  by  expofure  to  the  air  decompofes  this  fait 
as  well  as  quicklime.  The  refidue  after  this  operation 
is  calcareous  muriate,  which  fhall  be  hereafter  examine . 
cd.  This  procefs  proves  lime  to  have  a  greater  affinity 
than  ammoniac  with  the  muriatic  acid. 

The 


The  two  fixed  alkalis,  as  well  as  lime,  decompofe 
amincmiacal  muriate,  and  difengage  the  ammoniac  ih  a 
pure  gafeous  form.  Thefe,  as  well  as  lime,  may  be 
made  ufe  of  to  feparate  the  alkaline  fpirit.  But  they 
are  not  ufually  applied  to  this  purpofe  in  the  labora^ 
torie^ ;  becaufe  the  ufe  of  them  on  this  occafion  would 
render  the  procefs  much  more  e^rpenfive,  without  d£^ 
fording  any  new  advantage. 

The  fulphuric  and  the  nitric  acids  feparate  the  mu- 
riatic acid  from  this  fait,  and  enter  themfelves  into 
combination  with  the  ammoniac,  with  which  they  have 
a  ftronger  affinity.  The  reiidues  are  ammoniacal  fuU 
phate  and  nitrate* 

Scarce  any  of  the  alkaline  neutral  &lts  a£ts  vqpon 
ammoniacal  muriale ;  none  but  tfaofe  which  are  form* 
ed  by  the  combination  of  the  cvbonic  acid  with  the 
two  fixed  alkalis,  decompofe  it.  A  double  decompo* 
fition  and  combination  take  place  on  fuch  occafioas. 
In  £ad,  while  the  muriatic  acid  unites  with  the  fixed 
aHcaUs  tp  form  muriate  of  potafli  or  of  foda,  the  carbo- 
liic  acid  feparated  from  the  alkalis,  meeting  with  the 
ammoniac  at  the  fame  time  left  in  a  feparate  flate,  forms 
ammoniacal  carbonate,  which  is  fublimated  and  f^rmr 
ed  into  cryflals  that  are  found  fcattered  all  over  the 
inner  fides  of  the  balloon.  In  performing  this  opera- 
tion,  one  p^rt  of  potafh  or  foda,  which  mufl  be  very 
dry,  is  mixed  with  another  of  fublimated  ammoniacal 
muriate  in  powder.  This  mixture  is  put  into  a  ftone 
retort,  to  which  a  large  balloon,  or  rather  a  glafs  cu- 
curbile,  mud  be  fitted ;  and  fire  is  now  gradually  ap« 
plied  till  the  bottom  of  the  retort  be  made  red^^hot.  A 
white  (alt  in  fine  cryftals  paiTes  by  fublimation  into 
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the  cucurbite,  (which  is  ammoniacal  carbonate).  A 
little  water  pafies  at  the  fame  time,  and  the  refidue  is 
muriate  of  potafh,  or  of  foda,  according  as  the  one  or 
the  other  of  thofe  fixed  alkalis  was  employed.  By  this 
means  we  obtain  a  very  confiderable  quantity  of  the 
ftlt,  equal  to  no  lefs  than  two-thirds  of  the  ammonia- 
cal muriate  which  entered  into  the  mixture.  This 
phasnomenon  induced  Duhamel  to  think  that  a  little  fix- 
ed alkali  efcaped  along  with  the  volatile.  It  is  eafy  to 
mfiderfland,  fmce  modern  experiments  have  thrown 
light  on  this  theory,  that  what  gives  on  this  occafion  fo 
confiderable  a  quantity  of  the  fublimated  fait,  is  the  u- 
nion  of  the  carbonic  acid  feparated  from  the  fixed  alkali, 
with  the  ammoniac.  Till  of  late,  however,  this  concrete 
volatile  alkali  was  always  thought  to  be  the  purefl ; 
and  to  it  were  afcribed  the  properties  of  cryflallizing 
and  eServefcing  with  alkalis  ;  while  that  obtained  by 
lime,  which  is  pure  volatile  alkali,  was  thought  to  be 
a  fait  that  had  been  altered,  and  in  part  decompofed. 
From  this  we  fee  what  new  light  the  difcoveries  of  Dr 
Black  have  thrown  on  the  nature  of  faline  matters;  and 
we  cannot  help  faying,  that  they  have  rendered  chemif- 
try  quite  a  new  fcience. 

Ammoniacal  muriate  is  applied  to^  various  purpofes* 
In  midicine  it  is  adminiftered  internally  as  a  difcuffive 
in  obflruftions  and  intermittent  fevers,  &c.  in  dofes  of 
;a  few  grains.  Externally  applied,  it  is  a  powerful  an- 
tifeptic  in  gangrenous  cafes,  &c.  &c. 

It  is  ufed  in  many  of  the  arts,  more  efpecially  in  dye- 
ing ;  and  in  metallurgy,  when  difi'erent  metals  are  to 
be  foldered  together.    Braziers  ufe  it  to  clear  the  fur-t 

face  of  copper  whigh  they  are  to  cover  with  tin. 

2  Specie^ 

#  •      -  rf 


Salts  ^  15 


Species  IV*     Ammomacal  Borate* 

Ammonia£:al  borate,  or  the  faturated  combination 
of  the  boracic  acid  with  ammoniac,  has  not  been  yet 
examined  by  any  chemift.  I  have  made  the  following 
obiervations  on  fome  of  its  properties. 

I  diflblved  a  quantity  of  very  pure  boracic  acid  in 
ammoniac,  or  cauftic  volatile  alkali,  till  the  fubftances 
appeared  to  be  mutually  and  completely  faturated :  this 
folution  I  diluted  in  a  little  water,  and  then  evaporated 
in  a  fand-bath  about  one-half  of  this  liquor.  When 
cooled,  it  afforded  a  layer  of  cryftals  joined  together, 
and  exhibiting  on  their  furface  polyhxdral  pyramids. 
This  fait  has  a  poignant  urinous  tafte  j  it  turns  fyrup 
of  violets  green,  gradually  lofes  its  cryftalline  form^ 
and  becomes  brown  by  the  contad  of  the  air.  It  dif-^ 
folves  readily  enough  in  water.  Lime  difengages  the 
ammoniac. 

.  Thefeare  the  chief  properties  whichlobfervedonafirft 
examination  of  it :  but  1  have  not  yet  made  a  fuiEcient 
number  of  experiments  upon  it,  to  be  fully  acquainted 
with  its  nature. 

Ammoniacal  borate  is  not  applied  to  any  ufe. 


Species  V.     Ammomacal  Fluate. 

This  fait,  like  the  preceding,  is  fcarce  fufficiently 
known,,  to  be  diftinguiflied  by  its  peculiar  properties 
from  other  ammomacal  lalts. 

M.  BouUanger 
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M.  BouIIanger  agrees  with  Scheele,  that  the  fluoric 
acid  when  combined  with  ammoniac  does  not  cryJlaU 
Iize,  but  forms  a  jelly ;  which  exhales  vapours  like 
ihofe  of  the  muriatic  acid,  upon  the  addition  of  a  por<- 
tipn  of  the  fulphuric.  Neither  of  thefe  ch^mifts  has 
examined  the  other  properties  of  this  fait ;  but  they 
learned  enough  to  enable  them  to  diftin^uifli  between 
the  fluoric  and  the  muriatic  acids* 


Species  VL    Ammoniacal  Carbonate. 

We  give  the  name  of  ammomacal  carbonate  to  a  kind 
of  neutral  fait,  which  was  formerly  called  concrete  vo^ 
laiih  alkaliy  but  is  actually  a  neutral  faline  combination 
cf  the  carbonic  acid  with  ammoniac. 

It  does  not  exift  in  nature  in  a  pure  infulated  ftate  ; 
but  it  may  be  obtained  from  almoft  any  animal  fub- 
fiance  by  the  aftion^of  fire.  It  is  likewife  formed  by 
the  dire;£t  union  of  ammoniac  with  the  carbonic  acid, 
I.  By  fhaking  that  alkali  in  the  upper  part  of  a  veflel 
containing  fermenting  liquor.  2.  By  caufing  the  car- 
bonic acid  to  pafs  into  volatile  fpirit  of  alkali.  3.  By 
pouring  this  acid  into  a  veflel,  the  fides  of  which  are 
wet  with  ammoniac  diluted  in  water.  4.  By  a  diredt 
combination  of  carbonic  acid  gas  with  ammoniac  gas 
above  mercury ;  the  two  gafeous  fubftances  inflantly 
unite,  a  (Irong  heat  is  excited,  and  a  concrete  fait  is 
formed  on  the  fides  of  the  glafs  in  which  the  mixture 
is  made  up.  In  all  of  thefe  cafes  ammoniacal  carbo* 
nate  is  inftantly  formed  in  cryftals.  The  fame  fait  is 
likewife  obtained  by  dcQompofmg  ammoniacal  muriate 

with 
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\A(Si  carbonic  neutral  {alts  having  a  bafe  of  potaQi  or 

oda. 

Ammoniacal  carbonate  may  be  made  to  aflume  a  re- 

gnhr  •  form.  Its  cry (lals  appear  to  be  prifms  with  a 
number  of  fides.  Bergman  calls  them  Oclohadrons 
vith  four  of  their  angles  truncated.  M.  Rome  de 
Lille  mentions  his  having  feen  this  fait  in  groupes  of 
finali  tetrahacdral  fummit. 

Its  taile  is  urinous,  but  much  weaker  than  that  of 
pure  cauftic  ammoniac ;  its  Tmell,  though  not  unlike 
that  of  ammoniac,  is  alfo  much  fainter ;  it  communi- 
cates a  green  colour  to  fyrup  of  violets.  It  may  here  be 
proper  to  obferve  with  rcfpe^l  to  the  lad-mentioned 
property,  that  the  carbonic  is  not  the  only  acid  which 
does  not  abfolutely  deftroy  the  charaders  of  fuch  alkaF- 
lis  as  it  is  combined  with ;  and  that  there  is  no  rea^ 
ion  on  this  account  to  refufe  the  name  of  neutral  fidts 
to  alkalis  (aturated  with  this  weak  acid ;  for  their  sd- 
kaline  properties  are  in  a  great  meafure  taken  away  ; 
their  acridity  and  caufticity  are  entirely  deftroyed:  suid 
they  no  longer  ad  with  corrofive  power  upon  animal 
matters. 

Ammoniacal  carbonate  is  very  volatile,  the  lead  heat 
being  fufficient  to  fublimate  it  entirely.  If  regularly . 
cryftalli^ed,  it  begins  to  liquefy  when  heated,  with 
(he  help  of  the  water  to  which  it  owes  its  cryflalline 
form*  But  it  is  volatilized  nearly  at  the  fame  time  ; 
which  renders  it  almoft  impoflible  to  obtain  this  fak 
very  dry  and  regularly  crydallized. 

It  diflblves  very  readily  in  water,  producing  cold  at 
the  inftant  of  its  foluiion,  like  all  other  crydailizing 
neutral  falts.  This  property  alone,  plainly  diftinguifti- 
ihg  it  from  pure  ammoniac,  which  on  the  contrary 
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produces  a  confiderable  heat  when  it  combines  with 
water,  might  be  fufScient  to  clafs  ammoniacal  carbo- 
nate among  the  neutral  falts.  Two  parts  of  cold  witer 
diflblve  rather  more  than  one  of  this  fait  j  warm  wa- 
ter  diffolves  more  than -a  quantity  equal  to  itfelf  in 
weight.  But,  as  the  heat  of  boiling  water  difiipates 
it,  we  cannot  adopt  this  method  of  cryftallizing  it, 
w^ithout  running  the  ri(k  of  lofmg  a  confiderable 
part. 

It  becomes  fomewhat  moift  when  expofed  to  the  air, 
and  is  the  more  liable  to  this  when  not  entirely  fatu- 
rated  with  the  carbonic  acid. 

Neither  filiceous  nor  aluminous  fearth  acks  upon  it 
any  more  than  on  the  other  neutral  ammonical  falts. 
Magnefia  decompofes  it  but  very  feebly.     Lime  has 
a  ftronger  affinity  than  ammoniac  wi^^  ^he  acid,  and 
decompofes  this  as  well  as  other  ammoniacal  neutral 
falts.     Lime-water  poured  upon  a  folution  of  the  am- 
moniacal carbonate,  immediately  gives  a  precipitate, 
and  a  ftrong  ftnell  of  cauftic  ammoniac  is  at  the  fame 
time  diffufcd  around.     The  lime  feizing  the  carbonic 
acid,  forms  with  it  chalk  or  calcareous  carbonate,  which 
is  precipitated,  and  the  ammoniac  is  feparated.     Quick- 
lime, triturated  with  ammoniacal  carbonate,  inftantly 
difengages  the  ammoniac  in  a  gafeous  form.     Caullic 
ammoniac  may  be  obtained  from  this  mixture  by  put- 
ting it   into  a  retort   accommodated   with   Woulfe's 
apparatus,  juft  as  the  volatile  alkali  is  obtained  from 
ammoniacal   muriate  diftilled   in    the   fame   manner. 
This  decompofition  proves  lime  to  have  a  greater  affi- 
nity than  ammoniac  with  the  carbonic  acid,  as  well  as 
with  the  other  acids. 

The 
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The  fixed  alkalis  decoinpofe  ammoniacal  carbonate 
as  weil  as  lime,  by  feparating  the  pure  ammoniac^  and 
combining  with  its  acid. 

Lallly,  the  fulphuric,  the  nitric,  the  muriatic,  and 
the  fluoric  acids,  have  more  affinity  with  ammoniac 
than  the  carbonic  acid.     When  any  of  thefc  acids  is 
poured  on  ammoniacal  carbonate,  it  produces  a  lively 
effervefccnce  by  difengaging  the  carbonic  acid.     If  this 
decompofitien  be   performed  in  a  long   ftrait  veflel, 
certain  evidence  may  be  obtained  of  the  prefence  of  the 
carbonic  acid,  by  immerfing  into  it  a  taper,  which 
is  inftantly  exlinguiflied, — tincture  of  turnfol,  which 
afllimes  a  red  colour, — or  lime-water,  which  gives  a 
precipitate.     Thefe  decompofitions  of  ammoniacal  car- 
bonate by  lime  and  the  fixed  alkalis, — ^which  by  feiz- 
ing  the  acid,   feparate  the   ammoniac ;   and  by  the 
acids, — which  by  uniting  with  the  alkali,  difengage  the 
carbonic  acid  ;  (how  clearly  the  peculiar  nature  of  am- 
moniacal carbonate.     Bergman  found  by  accurate  ex- 
periments, that  a  quintal  of  this  fait  in  cryflals  contains 
forty-five  parts  of  carbonic  acid,  forty  of  ammoniac, 
and  twelve  of  water.     As  this  fait  contains  more  of  the 
acid  than  carbonate  of  foda,  and  carbonate  of  foda 
more  than  carbonate  of  potafh,  that  ingenious  chemifl: 
concludes  that  the  weaker  the  alkaline  bafe,  fo  much 
the  more  acid  is  requifite  to  faturate  it.     The  boracic 
acid  when  cold  does  not  decompofe  ammoniacal  carbo- 
nate cold  ;  but  when  a  hot  folution  of  the  boracic  acid 
is  poured  on  this  fait,  a  very  difcerniblc  effervefccnce  is 
produced.     The  carbonic  acid  then  difengagcd  may  be 
collected  by  the  ufi :al  means  3  and  what  is  found  at  the 
bottom-  of  the  veflcl  is  genuine  ammoniacal  borate. 
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This  experiraent,  which  I  have  often  repeated,  confirm* 
Bergman's  obfervation,  that  heat  modifies  or  changes 
the  laws  of  eleftive  attraftion. 

Ammoniaeal  carbonate  does  not  a£t  on  perfect  neu- 
tral falts.  But  we  (halL  hereafter  fee  that  it  decompofes 
calcareous  neutral  falts  by  the  way  of  double  affinity, 
which  pure  cauftic  ammoniac  does  not.  This  beautiful 
difcovery  of  Black's  explains  the  reafon  of  what  the 
chemifts  had  long  afierted,  that  ammoniac  has  a  greaN 
er  affinity  than  calcareous  earth  with  the  acids. 

Ammoniaeal  carbonate  is  ufed  in  medicine  as  a  fur 
dorific,  an  anti-hifteric,  &c.  It  is  mixed  with  fome 
aromatic  matters.  It  has  been  confidered  almoft  as  a 
fpecific  in  the  cafe  of  a  viper's  bite ;  but  the  Abb6 
Fontana  with  good  reafon  oppofes  that  notion.  Many 
have  advifed  the  ufe  of  ammoniaeal  carbonate  or  con« 
Crete  volatile  alkali  in  venereal  complaints ;  but  expe- 
rience has  not  yet  determined  certainly  how  far  it  is  ufe* 
fill  in  fuch  cafes.  All  that  we  know  concerning  the  ap* 
plication  of  this  fait  in  the  medical  art  is,  that  it  is  pur<^ 
gative,  incifive,  diuretic,  diaphoretic,  and  difcuffive  ; 
and  that  it  ads  powerfully  in  all  difiempers  arifing. 
from  the  thickening  of  the  lymph,  fuch  as  vehereal 
misfortunes,  coagulations  of  milk,  fcrophulous  fwelU 
ings,  &c. 

It  is  given  in  dofes  of  a  few  grains  in  certaia  drinks, 
or  in  pills  mixed  with  opium. 
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Genus  IIL     Calcerous  Neutral  Salts. 


Species  I.    Sulphate  of  Lime ^  Selenite,  or  Gypfum. 


THE  combination  of  the  fulphuric  acid  with  lime 
is  properly  calcareous  fulfhate^  but  is  commonly 
known  by  the  name  oifeUnitejplq/lerj  or  gypfum.  This 
fait  abounds  in  nature* '  It  is  often  found  in  vaft  banks 
or  layers ;  as  for  inftance  at  Montmartre  near  Paris.  At 
that  place  whole  mountains  are  compofed  of  (trata  of 
felenite  or  plafter,  covered  over  with  a  kind  of  argilla- 
ceous marl,  which  is  almoft  always  found  with  it. 

As  this  fait  has  but  very  little  tafte,  and  is  ibarce 
foluble,  naturalifts  have  long  confidered  it  as  a  ftony 
fubftance ;  and  they  have  diftinguiflied  it  into  many 
varieties,  according  to  its  various  degrees  of  purity, 
and  the  various  forms  under  which  it  appears*  We  (hall 
mention  the  chief  of  thefe  varities. 
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T/jc  Principal  Varieties  of  Calcareous  Sulphate* 

1.  Calcareous  fulphate,  or  felenite  in  rhomboidal 
plates. 

It  is  tranfparent  like  ice  ;  the  pieces  which  are  (hown 
in  cabinets  of  natural  hiftory  are  irregular ;  but  they 
always  fpHt  into  rhomboidal  plates. 

2.  Cuneiform  calcareous  fulphate  or  felenite  ;  or  in 
the  form  of  arrow-heads. 

It  confifts  of  two  fcalcne  triangles  joined  in  the  mid- 
dle, each  of  which,  as  M.  de  la  Hire  hasobferved,  con- 
filts  of  triangular  plates.     This  ftone  is  called   lapis 
fpecularis^  or  i::!c  of  Monimartre. 

3.  Calcareous  fulphate   or   felenite   in   dccahoedral 

rhomboids, 

« 

Of  this  kind  is  that  found  in  the  quarries  of  Pafly. 

4.  Calcareous  fulphate  or  felenite  in  dechsedral 
prifms. 

This  confifts  of  hexahoedral  prifms,  terminating  in 
dihciidral  pyramids,  or  in  a  concave  angle.  It  is  found 
in  Switzerland,  &c.  It  is  very  like  the  preceding  va- 
riety. 

5.  Lenticular  calcareous  fulphate,  or  felenite  in  cock's 
combs,  from  Montmartre. 

Thefe  are  c.^lleftions  of  fmall  lenticular  cryftals,  dif- 
pofed  obliquely  one  befide  another.  They  are  formed 
by  the  union  of  the  arrow-heads,  of  which  we  have 
fpokcn  under  the  fecond  variety. 

6.  Silky  or  ftriated  calcareous  fulphate  or  felenite, 
filkv  jrvpfum  of  China. 
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It  is  found  in  Franche-Comte,  Angoumois,  &c.     It 
is  in  the  form  of  rery  fine  prifms,  bundled  together, 
ufuaily  bright  and  glofly  like  fatin.     It  is  very  difficult 
to  didinguifh  in  this  the  rhomboidal  plates,  which  are  - 
obferved  in  all  the  other  varieties. 

7«  Calcareous  fulphate,  common  gypfum,  or  plafter- 
ftone. 

This  fubftance  is  of  a  greyilh  white  colour,  fpangled 
\rith  fmall  fparkling  cryftals,  which  may  be  eafily  ta- 
ken out  with  a  knife.  It  is  found  in  ftrata  ;  and  moft 
of  the  mountains  about  Paris  confift  of  it.  We  (hall 
afterwards  underftand  that  this  is  not  pure  fdenite,  and 
does  not  make  good  plafter  till  after  being  mixed  w^th' 
another  earthy  fait. 

8.  Calcareous  fulphate  in  the  form  of  alabafter,  or 
gypfeous  alabafter. 

This  is  a  fort  of  plafter- ft  one,  harder,  and  apparent- 
ly of  an  earlier  formation  than  the  laft  defcribed ;  from' 
which  it  differs  only  as  being  half  tranfparent,  and 
confifting  of  fmall  layers,  as  is  obferved  of  ftahftites. 
There  is  a  great  deal  of  it  found  at  Langry  near  Paric. 
This  is  one  of  the  whiteft  kinds,  and  is  fometimes 
veined  or  fpotted  with  yellow,  grey,  vioict,  or  black 
fpots. 

9.  Calcareous  fulphate,  felenite,  common  gypfuni 
or  gypfeous  alabafter,  coloured,  veined,  fpottcJ,  cloud- 
ed, and  pundurated. 

This  mixture  of  colours  (hows  the  felenite  to  be  con- 
taminated with  fome  extraneous  colouring  matter.  The 
colours  of  this  earthy  fait  are  almoft  always  occafioned 
by  iron  in  various  ftates. 
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Calcareous  fulphate  is  likewife  found  diiTolved  in 
Vf^KJtr^  as  for  inftance  in  the  wells  of  Parii ;  but  never 
pure,  and  always  combined  with  fome  other  earthy  fait, 
having  lime  or  magnefia  for  its  bafe. 

We  have  already  mentioned  that  calcareous  fulphate 
was  long  taken  by  naturalifts  for  a  ftony  fubflance. 
They  thought  it. could  not  be  a  fait,  as  being  apparently 
infipid  and  infoluble  ;  but  it  aAually  communicates  a 
peculiar  fapidity  to  water, — which  is  very  fenfible  in  the 
ftomach.  Crude  water,  or  water  impregnated  with  fe- 
lenite,  affeiSls  the  ftomacb  with  a  certain  cold  and  hea- 
vinefs.  As  to  its  folobility ;  the  form,  fize,  tranfpa- 
riency,  quantity,  and  ftrata,  of  the  cryftals  of  calcare- 
ous fulphate,  in  many  places,  and  particularly  all  arcrund 
Paris,  fhow  plainly  that  it  muft  have  been  once  AiL 
folved  in  water,  and  afterwards  depofited  by  that 
fluid.* 

Calcareous  fulphate,  when  expofe4  to  the  action  of 
fire,  lofes  the  water  of  its  cryftals,  and  when  fuddenly 
expofed  to  a  ftrong  heat  decrepitates  :  it  then  aflumes 
a  rough  white  appearance,  and  becomes  very  friable* 
Under  this  form  it  is  called ^«tf  plajier.  When  mixed 
with  water,  it  admits  of  being  wrought  into  a  pafte, 
of  which  very  white  and  beautiful  ftatues  are  caft  in 
moulds.  But  as  this  plafter  foon  dries,  retaining  but 
very  little  water,  the  ftatues  are  apt  to  break  under  the 
flighteft  blow.     If  the  fire  be  continued  after  calcare- 

eous 

*  M.  Chaptal  fectns  to  have  evinced  ;  that  native  grpfum  is 
formed  from  vitriolic  acid  ;  obtained  in  nature,  by  the  gradual 
decompofition  of  pyrites^  and  then  held  in  folution  in  water*  till 
it  be  carried  into  contad  with  lime ;  with  which  it  immediately 
enters  into  combination.    H. 
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otts  fulphate  is  reduced  to  a  white  powder,  it  melts  at 
length  into  a  kind  oiF  glafs.  But  to  produce  this  eflfeO:, 
the  moft  intenfe  heat  i?  requifite,  fiTch'Xs  that  of  por- 
celain furnaces,  or  the  focus  of  a  burning-glafs,  Meffrs 
d*  Arcet  and  Macquer  accomplilhed  *the  melting  of 
calcareous  fulphate.  M.  Itlacquer  has  obferved,  that 
when  cuneiform  felenite  is  expofed  to  the  focus  of  a 
buming-glafs,  fo  as  that  the  light  m^y  fall  on  its  po- 
lifced  furfaces,  it  only  becomes  white;  but  when  its' 
edges  are  expofed,  it  inftantly  nielts  and  boils.  Berg-' 
man's  blow-pipe,  or  a  ftreani  of  vital  air  poured  on  a 
burning  coal,  likewife  melts  it. 

Calcareous  fulphate  becomes  phofphoric  when  laid 
on  hot  iron  J  and  this  property  is  common  to  all  cal- 
careous falts.  We  have  feen  that  lime  likewife  difplays 
it,  when  flaked. 

Calcareous  fulphate  fuffers  no  very  obfervable  altera- 
tion from  the  aftion  of  air ;  yet  when  expofed  to  the 
open  atmofphere,  the  fparkling  and  poliflied  plates  of 
this  earthy  neutral  fait  lofe  their  luftre,  affume  the  va- 
riegated colours  of  the  rainbow,  fplit  into  laminae,  and 
at  length  wafte  away.  But  thefe  phaenomena  are  owing 
to  the  joint  influence  of  heat,  water,  and  air. 

Calcareous  fulphate  diffolves  in  water;  though  flow- 
ly  and  infenfibly.  According  to  the  chemifts  of  Dijon, 
about  500  parts  of  water  are  requifite  to  diflblve  one 
of  this  earthy  fait.  Warm  water  diffolves  it  not  in  a 
greater  proportion.  We  cannot  obtain,  by  evaporating 
this  fait,  cryflals  refembling  tbofe  of  nature  ;  on  fuch 
occafions,  as  the  boiling  liquor  is  gradually  evaporated, 
fmall  fcales  or  needles  are  precipitated.  The  fcales  or 
plates  obtained  by  evaporating  a  folution  of  calcareous 
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fulphate,  are  ufually  fparkling,  and  when  narrowly  ex- 
amined appear  to  be  formed  of  very  fine  needles  joined 
longitudinally. 

Barytes,  having  a  greater  affinity  than  lime  with  the 
fulphuric  acid,  decompofes  calcareous  fulphate.  If  a 
folution  of  barytes  be  poured  into  water  containing  a 
portion  of  this  fait,  ftrice  of  barytic  fulphate  are  inftan- 
taneoufly  formed. 

The  fixed  alkalis  likewife  decompofe  this  neutral 
fait.  When  cauftic  fixed  alkali  is  poured  into  a  folu- 
tion of  calcareous  fulphate,  a  white  precipitate  is  pro- 
duced in  mucilaginous  flakes,  which  are  foon  accumu- 
lated at  the  bottom  of  the  vefTds,  and  eafily  diftin- 
guifhed  to  be  quicklime  by  various  means,  and  efpecially 
becaufe  much  water  is  requifite  to  diffolve  them  If 
the  fupernatant  liquor  be  evaporated,  the  refidue  after 
evaporation  is  fulphate  of  potafii  or  of  foda,  according 
as  vegetable  or  mineral  alkali  was  made  ufe  of  on  the 
occafioQ. 

As  ammoniac  .has  not  fo  ftrong  an  affinity  as  lime, 
with  any  of  the  acids,  it  is  unable  to  decompofe  calca- 
reous fulphate  when  this  fait  is  very  pure,  and  the  am- 
moniac made  ufe  of  very  cauftic ;  but  if  water  in  which 
calcareous  fulphate  is  diflblved,  contain  fome  other  fait 
with  a  bafe  of  magnefia  or  aluminous  earth,  fuch  as, 
for  inftance,  the  wells  at  Paris,  ammoniac  efFeds  a  pre- 
cipitation of  it.  To  fucceed  in  this  experiment,  we 
mufl  diffolve  calcareous  fpar  in  pure  fulphuric  acid, 
and  dilute  this  fulphate  of  lime  in  diftilled  water. 
Cauftic  ammoniac  poured  into  fuch  a  folution,  or,  what 
is  ftill  better,  ammoniac  gas  caufed  to  pafs  through  ir, 
produces  no  precipitate. 

Carbonate 
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Carbonate  of  potafli  and  calcareous  fulphate  mutaal- 
ly  decom[>ofe  each  other.  When  thefe  fubftances  arc 
mixed,  a  double  decompofition  and  combination  take 
place.  The  fulphuric  acid  forfakes  the  lime,  in  order 
to  form  fulphate  of  potaih  by  uniting  with  the  fixed 
alkali ;  and  the  carbonic  acid  being  feparated  from  the 
potaih  combines  with  the  lime  to  form  calcareous  car- 
bonate,  which  is  well  known  under  the  name  of 
cbalk. 

Carbonate  of  foda  likewife  decompofes  calcareous 
fulphate,  and  is  decompofed  in  its  turn.  Sulphate  of 
foda  is  formed  on  this  occafion  by  the  combination  of 
the  fulphuric  acid  with  the  mineral  alkali ;  and  calca* 
reous  carbonate  or  chalk  by  the  combination  of  the 
lime  with  the  carbonic  acid. 

Ammoniacal  carbonate  decompofes  calcareous  ful- 
phate by  a  double  affinity.  The  fulphuric  acid  tends 
to  unite  with  the  ammoniac  ;  while  the  lime  is  attract- 
ed by  the  carbonic  acid,  with  which  it  has  a  great  af- 
finity, and  by  combining  with  it  forms  a  precipitate  of 
chalk. 

This  decompofition  is  very  difcemible ;  and  Dr 
Black's  difcoveries  have  given  a  very  fatisfaftory  ex- 
planation of  the  caufe  by  which  it  is  produced.  And 
if  a  mixture  of  the  folution  of  calcareous  fulphate  and 
caufUc  ammoniac  be  for  fome  time  expofed  to  the  air, 
though  it  were  at  firft  perfectly  tranfparent,  its  furface 
foon  appears  clouded,  in  confequence  of  the  carbonic 
acid  being  precipitated  firom  the  atmofphere,  and  giv- 
ing rife  to  a  double  affinity.  The  fame  phenomenon 
may  be  produced  by  caufing  a  few  bubbles  of  this  ga- 
zeous  acid  to  pafs  into  the  liquid.  As  concrete  vola- 
tile 


die  alkalij  or  ammojiiacal  carbonate,  was  formerly 
fhpuglit  ^o  be  pure  volatile  alkali,—  Geoffroy,  believing 
that  this  alkali  aftually  gave  a  precipitate  from  calcare- 
ous fulphate,  concluded  it  to  have  a  greater  affinity 
iftan  lime  with  the  fulphnric  acid. 

Maqy  combaftible  matters,  with  the  help  of  heat, 
decompofe  calcareous  fulphate.  Coal  from  vegetable 
fubftances,  having  a  greater  affinity  than  fulphur  with 
oxygen,  robs  the  fulphuric  acid  of  this  part  of  its  com- 
pofition.  The  carbonic  acid  is  difengaged  on  this  oc- 
cafion  ;  and  the  fulphur  feparated .  from  the  fulphuric 
acid  uniting  with  the  lime,  forms  what  is  called  Tiji^23r- 
reoiu  fyepar  or  liver  of  lime,  to  which  we  fliall,  in  fu- 
ture, give  the  name  of  fulphure  of  lime. 

The  varieties  of  cryftallized  calcareous  fulphate  are 
C2irefully  preferved  in  colledions  of  the  fpecimens  of 
Natural  Hiftory.  When  calcined  and  ixTought  in  wa- 
ter, it  is  ufed  in  cafting  ftatues,  '&c.  Various  hand- 
fomc  pieces  of  ornamental  furniture  are  formed  of  gyp- 
feous  alabader,  cut  and  polifhed.  Lagny  aflfords  fine 
blocks  for  this  purpofe. 

Plafter  (tone  is  one  of  the  moil  ufeful  matters  in  na- 
ture. It  is  a  mixture  of  calcareous  fulphate  and  cal- 
careous carbonate  or  chalk.  When  expofed  to  the  ac- 
tion of  fire,  the  calcareous  fulphate  lofes  the  water  of 
its  cryftalUzatioB,  and  th.e  chalk  its  acid.  Burnt  plaf- 
ter  is  therefore  a  mixture  of  quicklime  and  calcareous 
fulphate  without  water. .  If  water  be  poured  on  this 
*  fttbftance,  the  lime  eagerly  abforbs  it,  giving  out  heat. 
Tlie  fetid  odour  which  is  felt  when  burning  plafter  is 
extinguifiied,  is  occafioned  by  the  fulphur  produced 
by  the  decompofition  of  the  fulphuric  acid  by  the  ani- 
mal 
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nit  or  vegetable  carbonaceous  hiatters  \ehich  are  al- 
vajs  found  to  ezift  m  plafter-ftone.  The  fulphur  tbea 
feparated  forms  a  kind  oifulphure^  or  liver  of  fulphur^ 
from  which  the  difagreeable  fmell  proceeds.  When 
the  lime  has  abforbed  enough  of  water  to  make  it  a  pafte, 
it  includes  a  portion  of  calcareous  fulphate,  which,  at- 
trading  part  of  the  water,  cryftallizes  in  the  midfl  of 
the  pafte.  The  lime  becoming  gradually  dry,  acquires 
a  folid  coniiftency,  with  the  help  of  the  cryftals  of  cal- 
careous fulphare,  and  forms  a  kind  of  mortar  whi^h  is 
called  plajier.  From  what  has  been  here  faid,  it  may- 
be underftood  why  plafter  mufl  be  burnt  to  a  certaiu 
degree  and  no  farther.  When  not  fufficiently  burnt^ 
k  does  not  unite  with  the  water,  becaufe  the  lime  is 
not  quick  enough ;  when  too  much  burnt,  the  lime 
unites  with  the  calcareous  fulphate  to  form  an  indifTer- 
ent  fpecies  of  vitreous  frit  which  cannot  combine  witb 
the  water  ;  this  is  called  burnt  plafter.  It  may  be 
Ekewife  underftood,  that  the  reafon  why  plafter  lofes 
its  qualities  when  expofed  to  the  air^  is  the  gradual 
flaking  of  the  lime.  When  calcined  anew,  it  regains 
its  original  properties.  Laitly,  it  is  eafy  to  fee  why 
plafter  is  preferred  unchanged  in  dry  hot  places,  and 
why  in  damp  fituations  it  waftes  gradually  away  in 
fcales  or  plates.  In  the  laft  of  thefe  cafes,  the  calcare* 
ous  fulphate,  which  is  foluble  in  water,  gradually  lofes 
its  confiftency  and  cryftalline  form.  It  is  this  iblubility 
that  diftinguifhes  plafter  from  mortar,  the  fandy  bafe 
of  which  is  proof  againft  the  attacks  of  water.  Plafter 
is  on  this  account  unfit  for  ufe  in  places  containing 
water,  fuch  as  refervoirs^  and  other  works  of  a  fimilar 

kind; 
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kind  ;  nor  does  it  retain  its  hardnefs  in  low  or  fubten 
raneous  places. 


Species  11.     Calcareous  Nitrate. 

Calcareous  nitrate,  or  the  fait  refulting  from  the 
combination  of  the  nitric  acid  with  lime,  is  far  from 
being  fo  copious  in  nature  as  calcareous  fulphate  or  fe- 
lenite.  It  is  found  only  in  fuch  places  as  afford  alka- 
line nitre.  It  is  formed  on  the  fides  of  the  walls,  in 
places  inhabited  by  animals ;  it  is  found  likewife  in  pu- 
trifying  animal  matters,  and  in  fome  mineral  waters. 
But  as  it  diffolves  very  readily,  and  even  deliquiates ; 
it  is  diffolved  as  faft  as  formed ;  and  from  this  circum- 
fiance,  it  exifts  in  large  quantities  in  mother-water  of 
faltpetre. 

When  regularly  cryftallized  by  a  procefs  which  we 
are  hereafter  to  defcribe,  it  exhibits  folid  prifms  of  fix 
faces,  pretty  much  like  nitrate  of  potafli,  and  terminat- 
ing in  dihedral  pyramids.  It  is  but  feldom  obtained 
in  fo  regular  a  fhape,  but  ufually  in  fmall  needles,  ad- 
hering together,  and  of  an  indeterminate  form. 

The  tafte  of  this  fait  is  bitter  and  difagreeable,  very 
different  from  that  of  calcareous  fulphate.  It  even 
taftcs  fomewhat  frcfh,  like  nitrate  of  potafli. 

It  eafily  liquefies  in  the  fire,  and  becomes  folid  by 
cooling.  If  taken  into  a  dark  place,  after  being  thus 
heated,  it  becomes  luminous ;  and  in  this  (late  it  is 
called  Baldwin's  phofphorus,  Balduinus.  It  exhibits 
the  fame  phaenomenon  v/hen  put  on  a  red  iron.  When 
thrown  on  burning  coals,  it  liquefies  and  detonizes 

flowly. 
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flowly,  in  proportions  as  it  becomes  dry.  Calcareous 
nitrate,  when  long  heated,  lofes  its  acid,  which  is  de- 
compofe  J  by  the  aftion  of  heat.  When  this  operation 
is  performed  in  a  retort,  the  extremity  of  which  enters 
a  bell-glafs  fuil  of  water,  a  produft  of  vital  air  is  obtain- 
ed, and  towards  the  end  of  the  operation  azote  or  nitro- 
gene  gas.  The  refidue  is  lime,  in  combination  with  a 
certain  quantity  of  nitrous  acid,  if  only  a  moderate  fire 
have  been  employed,  and  that  for  a  fhort  time.  But 
ftrong  quicklime  n^ay  be  obtained  by  this  procefs,  if 
extreme  violence  of  fire  be  applied  and  continued  long 
enough  to  cSt€t  a  total  decompofition  of  the  nitrous 
acid.  This  decompofition  of  the  acid  is  precifely  the 
fame  with  that  which  is  efiefled  by  the  diilillation  of, 
nitre  of  potaih,  as  we  have  fhown  in  the  hiftory  of  that 
neutral  fait. 

Calcareous  nitrate  attracts  very  rapidly  the  moifture 
of  the  atmofphere.  And  it  muft  therefore  be  kept  in 
very  clofe  yeflfels  when  v;e  wifh  to  preferve  it  in  cryf- 
tals ;  it  even  wafles  away  very  quickly  if  the  mouths 
of  the  veflfels  be  too  often  unftopped. 

This  fait  dilTolves  very  readily  in  water.  No  more 
than  two  parts  of  this  fluid,  even  cold,  are  rcquilite 
to  diiTolve  one  of  calcareous  nitrate :  boiling  water  dif- 
folves  a  quantity  more  than  equal  to  itfelf  in  weight. 
To  obtain  this  fait  in  cryftals,  we  mud  evaporate  the 
folution,  and  v-hcn  it  acquires  nearly  the  confiftency 
of  fyrup  fet  it  afide  in  a  cool  place :  it  then  forms  very- 
long  prifmatic  cryftals,  which  are  ufually  bundled 
together  in  needles  diverging  from  a  common  centre. 
When  a  folution  of  cdcareous  nitrate,  not  juft  fo 
much  evaporated  as  the  lafl,  is  expofcd  to  a  dry  warm 
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temperature,  it  at  length  forms  more  regular  prifms,. 
like  thofe  which  were  defcribed  at  the  beginning  of 
this  article. 

Sand  and  clay  decompofe  calcareous  nitrate,  and  fe- 
parate  the  acid. 

Barytes,  according  to  Bergman,   decompofes  this 
fait,  as  well  as  calcareous  fulphate  :  magnefia  produ- 
ces no  fenfible  alteration  on  it.     M.  de  Morveau  has 
obferved^  that  lime-water  poured  on  a  folution  of  cal- 
careous nitrate  produces  a  precipitate.     He  afcribes 
this  effed  to  the  phlogifton  of  the  lime,  which,  in  his 
opinion,  has  a  greater  affinity  with  the  nitrous  acidL 
than  with  lime.    Unluckily  that  chemift  did  not  exa- 
mine the  nature  of  the  precipitate,  otherwife*  he  muft 
certainly  have  obtained  fome  farther  knowledge  con- 
cerning the  phsenomena  of  this  curious  experiment. 
M.    Baume  had   before   obferved,   that   lime   water 
precipitates  a  folution  of  calcareous  fpar  in  nitrous 
acid,  but  afcribed  the  phaenomenon  to  a  fmall  portion 
of  .argillaceous  earth  contained  in  the  fpar.    This  ef- 
fed  mud  depend  either  on  a  little  magneiia,  or  on  the 
avidity  with  which  calcareous  nitre  abforbs  the  water 
from  the^  lime. 

The  fixed  alkalis  attrad  the  nitric  acid  from  calca- 
reous nitre,  and  by  this  means  precipitate  the  lime. 
Pure  ammoniac  does  not  decompofe  this  fait  any  more 
than  fulphate  of  lime  and  the  other  calcareous  falts  in 
general. 

The  fulphuric  difengages  the  nitric  acid  from  this 
fait  with   effervefcence.      The  acid   thus  difengaged 
may  be  obtained  in  a  receiver  in  the  fame  way  as 
common  nitre.    The  fulphuric  acid,  when  jpoured  in- 
to 


to  a  folurion  of  calcareous  nitrate,  gives  immediatelj 
a  precipitate  of  fulphate  of  lime^  leaving  the  nitric  acid 
free  and  feparate  in  the  liquor.  We  are  as  yet  igno- 
rant in  what  manner  the  other  acids  ad  upon  this 
ialL 

Calcareous  nitrate  decompofes  fulphuric  alkaline 
neutral  falts.  The  refult  of  this  decompofition  is  fuU 
phate  of  lime  and  nitre  of  potaih  or  foda*  Ammonia- 
cal  fulphate,  too,  when  mixed  with  a  foluiion  of  cal- 
careous nitrate,  gives  ammoniacal  iitrate  and  fulphate 
of  Ume.  The  laft  of  thefe  falts  being  fcarce  foluble,  is 
precipitated  at  the  inftant  of  the  mixture  ;  which  efta- 
blifhes  the  certainty  of  this  double  decompofition  be- 
yond a  doubt. 

Carbonate  of  potaih  likewife  diflblves,  and  is  in  its 
turn  diflblved  by,  calcareous  nitrate.  This  double  de- 
compofition gives  nitrate  of  potaih,  which  remains  dif- 
folved  in  the  Kquor ;  and  chalk  or  calcareous  carbo- 
nate, which  is  precipitated. 

Carbonate  of  foda  ads  in  the  fame  manner  on  cal- 
careous nitrate,  giving  nitrate  of  foda,  which  remains 
diflblved  in  the  water, — and  calcareous  carbonate  or 
chalk,  which  is  precipitated. 

Ammoniacal  carbonate  likewife  decompofes  this  fait 
by  double  affinity.  Ammoniacal  nitrate  and  carbonate 
of  Ume  are  formed  on  this  occafion. 

Sulphate  of  lime  produces  no  alteration  on  calcare- 
ous nitrate ;  but  when  thefe  two  falts  are  found  dif- 
folved  in  the  lame  water,  as  the  firft  is  fcarce  foluble, 
and  the  fecond  diflblves  very  readily,  they  may  be  fe- 
parated  by  cryftalUzation.  The  fulphate  of  Hme  is 
precipitated  at  the  firft,  and  the  calcareous  nitrate  does 
Vol.  IL  C  not 
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not  cryflallize  till  the  liquor  be  greatly  condenfcd  ^by 
cooling- 
Calcareous  nitrate  is  applied  to  no  ufe.  It  might  be 
ufed  in  medicine  as  a  very  aftive  difcuflive ;  and 
fome  medical  chemifts  relate  their  having  ufed  it  with 
fuccefs,  though  they  were  not  much  acquainted  with 
its  properties* 


Species  III.     Calcareous  Muriate. 

Calcareous  muriate,  the  fait  formed  by  the  com- 
bination of  the  muriatic  acid  with  lime,  which  was 
formerly  known  by  the  improper  name  oi fixed fal  am^ 
moniac^  oil  of  limey  &c«  abounds  wherever  muriate  of 
foda  is  found,  more  efpecially  in  fea-water,  to  which 
it  communicates  its  acrid  bitter  tafte  ;  which  was  for* 
merly  afcribed  to  bitumen,  fuppofed  to  be  contsdned 
in  the  water.  But  it  is  never  pure  in  that  fluid,  being 
always  mixed  with  muriate  of  magnefia.  In  order  to 
procure  calcareous  muriate  very  pure,  we  muft  make 
a  dired:  combination  of  the  muriatic  acid  with  lime  to 
the  point  of  faturation. 

This  fait,  when  dry  and  folid,  appears  in  prifms 
with  four  flriated  faces,  terminating  in  very  fharp* 
pointed  pyramids.  It  has  a  faline  and  very  difagreeable 
bitter  tafte.  When  expofed  to  the  adion  of  a  mode- 
Vate  fire,  it  liquefies  by  means  of  the  water  of  its  cry- 
ftals,  and  becomes  fixed  by  cooling.  When  expofed 
to  a  ftronger  fire,  it  fuffers  fcarce  any  alteration.  M. 
Baume  has  obferved,  that  on  this  occafion  it  does  not 
lofe  its  acid.     When  put  on  a  red  ihovel,  it  becomes 

luminous  ^ 
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lanunous ;  on  which  account  it  is  called  Homber^s 
fbofpb^riUm 

That  portion  of  calcareous  muriate  which  remains 
in  the  retort  after  the  decompoiition  of  ammoniacal 
muriate  by  lime,  is  caXXtA^Jixed  fal  ammoniac.  It  melts 
into  a  kind  of  frit,  of  a  light  flate  grey,*  without  giving 
out  any  muriatic  acid,  even  though  expofed  to  a  de- 
gree of  heat  fufEcient  to  vitrify  the  furface  of  the  re- 
tort. This  frit  gives  fire  with  fleel ;  and  when  rubbed 
in  the  dark  with  a  piece  of  the  fame  metal,  gives  out 
phofphoric  fparks. 

It  is  to  be  obferved,  that  this  faline  refidue  ufually 
contains  mote  lime  than  is  requifite'  for  the  faturation 
of  the  muriatic  acid ;  becaufe  more  than  the  nece& 
fary  quantity  of  lime  is  employed  to  decompofe  ammo- 
niacal muriate.  This  refidue,  no  doubt,  owes  its 
property  of  affording  an  hard  vitreous  fritto  its  containing 
an  extraordinary  quantity  of  lime  ;  for  otherwife  the 
frit  would  furely  at  length  acquire  moiilure  and  fuffer 
alteration  when  expofed  to  the  air.  Calcareous  muri- 
ate, when  it  contains  no  extraordinary  portion  of  lime, 
never  aflumes  that  degree  of  hardnefs  which  dif- 
tinguifhes  (his  refidue,  nor  difplays  any  phofphoric 
powers. 

« 

Pure  calcareous  muriate,  when  expofed  to  the  air, 
rapidly  attra£b  moiflure,  and  waftes  entirely  away  by 
deliquium.  It  mufl  be  kept  in  a  well  flopped  vefTel 
when  we  wifh  to  preferve  it  in  its  cryflalline  form. 

This  fait  diffolves  very  readily  in  water  j  about  a 
part  and  an  half  of  the  fluid  being  fufficient  to  diffolve 
one  part  of  calcareous  muriate.  Warm  water  diffolves 
a  portion  more  than  equal  to  itfelf  in  weight.     If  this 

C  a  folution 
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folution  be  evaporated  till  it  acquire  the  confiflenqr 

of  fyrup,  and  then  left  to  cool  ilowly,  it  cryflallizes  in« 

to  tetrahsedral  prifms,  feveral  incheis  in  length,  and 

placed  in  the  difpoficion  of  radii,  diverging  from  a 

common  centre.     We  mav  obferve,  that  this  is  almoft 

invariably  the  form  of  all  calcareous  falts.    When  the 

liquor  is  too  much  evaporated,  or  too  baftily  cooled^ 

it  becomes  a  ihapelefs  mafs  fet  with  fharp  points  on 

the  furface. 

A  folution  of  calcareous  nluriate  evaporated  to  45 

degrees  of  M.  Beaum^'s  areometer,  and  then  expofed 

to  cold  in  a  bottle,  depofites  very  r^ular,  and  often 

very  large,  prilmatic  cryftals.     Sometimes  when  this 

folution  is  fhaken  before  being  cryftallized,  it  is  fuddenly 

formed  into  a  very  folid  mafs  ;  at  which  inftant  it  givea 

dut  a  great  deal  of  heat. 

Barytes,  according  to  Bergman^s  experiments,  having 
a  greater  af&nity  than  lime  with  the  muriatic  acid,  de- 
compofes.  calcareous  muriate.  Lime  and  magnefia 
produce  no  alteration  on  this  fait. 

The  fixed  alkalis  precipitate  the  lime.  If  the  two 
liquors  be  concentrated,  the  lime,  abforbing  the  fmall 
portion  of  water  which  they  contain,  forms  almoft  in« 
ftantaneoufly  a  jelly  which  foon  becomes  quite  folid. 
This  experiment  is  called  a  chemical  miracle  ;  becaufe 
it  exhibits  two  fluith  pailing  fuddenly  into  a  folid  ftate. 
But  it  does  not  fucceed  well  except  with  a  folution  of 
carbonate  of  potalh  and  foda }  for  the  pure  cauftic  al- 
kalis precipitate  the  lime  in  too  divided  a  ftate. 

Cauftic  ammoniac  does  not  decompofe  calcareous 
muriate ;  for  it  has  not  fo  great  an  affinity  as  lime  with 
the  muriatic  acid :  a  fa£t  which  proves  that  ammonia- 

cal 
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cal  Quiriate  may  be  completely  decompofed  by  this  fa- 
lino-terrene  fubftance. 

The  fulphuric  and  th^  nitric  acids  difengage  the 
mariadc  add  from  this  fait  with  effervefcence ;  and 
with  a  diftiUatory  apparatus,  the  acid  might  be  ob- 
tained from  this  fait  in  the  fame  manner  as  from  mu'» 
Hate  of  (bda.  The  diflillation  of  this  earthy  fait  with 
the  nitric  acid  gives  the  nitro-muriatic  acid»  or  aqua 
repay  becaufe  of  the  volatility  of  the  two  adds. 

Calcareous  muriate  decompofes  fulphate  of  potaih 
or  foda.  The  reader  may  obtain  the  fuUefl  conviop 
tion  of  the  truth  of  this  fa£l  by  mixing  folutions  of 
thefe  falts*  A  precipitate  is  immediately  produced, 
whicb  may  be  diftinguiihed  to  be  fulphate  of  lime« 
The  incumbent  liquor  contains  muriate  of  foda  or 
potaih,  which  may  be  obtained  bf  evaporation ;  nay, 
even  the  tafte  of  the  liquid  is  a  proof  of  its  exiftence. 

Carbonate  of  potafli  or  foda  Ukewife  decompofes 
calcareous  muriate.  Two  decompoiitions  and  two 
combinations  take  place  on  fuch  occafions«  The  mu- 
riatic add  contained  in  the  latter  fait,  deferting  its 
bale,  combines  with  the  potaih  or  foda  to  form  muri- 
ate of  potaih  or  foda,  which  remains  diiTolved  in  the 
liquor ;  and  the  carbonic  acid  Ukewife  forfaking  the 
fixed  alkalis  and  combining  with  the  lime,  forms  a  pre- 
dpitate  of  chalk  or  calcareous  carbonate.  If  the  car- 
bonate of  potaih  or  of  foda  be  diflblved  in  a  very  fmall 
quantity  of  water,  and  the  folution  of  calcareous  mu- 
riate be  at  the  fame  time  concentrated,  the  mixture  be- 
comes thick  and  gelatinous.  It  then  aiTumes  greater 
confiftency,  and  hardens  into  a  kind  of  faditious  ftone, 
if  the  two  fubftances  be  juftly  proportioned  in  the  com- 

C  3  pofition. 
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pofition.     The  firft  chemifts  who  cbferved  this  phxno^ 
menon  called  it  a  chemical  miracle. 

Ammoniacal  carbonate  decompofes  calcareous  mu- 
riate by  a  double  afHnity,  in  the  fame  manner  as  cal- 
careous fulphate  and  nitrate.  The  ammoniac  com- 
bines with  the  muriatic  acid,  forming  ammoniacal  mu- 
riate,  which  remains  diffolved  in  the  liquor ;  while 
the  carbonic  acid  combining  with  the  lime,  forms  cal- 
careous  carbonate,  which  is  precipitated.  ^ 

If  calcareous  muriate  and  calcareous  nitrate  be  dif- 
folved together  in  water,  it  becomes  very  difficult  to 
feparate  them,  becaufe  they  are  both  cryftallized  by 
the  iame  laws.  But  calcareous  muriate  and  calcare- 
ci  *ulphate  maybe  eafily  obtained  feparate  j  for  the 
lait  cryttalUzing  only  by  evaporation,  leaves  the  calca- 
reous muriate  pure,  and  it  then  cryftallizes  by  cooling. 
This  obfervation  is  of  fome  importance ;  for  thefe  two 

falts  are  often  found  in  folution  in  the  fame  mineral 

...  • '  ■  ...  «   < 

water. 

Calcareous  muriate  has  not  yet  been  applied  to  ma- 
•  :'  ipcfes.  It  exifts  in  a  large  proportion  in  the  ga- 
I  l-ialt,  recommended  in  fcrophulous  cafes  as  .  a  pur- 
jTing  difcufTive  ;  and  I  have  already  obferved  that  ga- 
bel-falt  is  irdebted  to  it  for  part  of  its  properties.  I 
likewife  obferved  that  the  ftrong  tafte  of  cahrareous 
muriate,  and  its  tendency  to  folution,  give  us  reafon 
to  expeft  very  happy  effefts  from  it  in  all  diftempers 
in  which  an  alteration  of  the  humours  is  requifite.  It 
is  greatly  to  be  wifhed  that  phyficians  were  acquainted 
with  its  properties,  and  would  prcfcribe  it  in  many  of 
thofe  cafes  in  which  the  ufual  difcuffives  are  found  not 
to  aft  with  fufficient  efficacy,  efpecially  in  inftances 

when 
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Ttrhen  mercurial  preparations  cannot  be  fafely  adminif- 
tered.  *  I  have  already  given  the  refult  of  all  my  ex- 
perience concerning  the  nature  of  this  difcuilive  fait 
in  a  memoir  inferted  among  thofe  of  the  Royal  Society 
of  Medicine  for  the  years  1782  and  1783. 


Species  IV.     Caicareous  Borate, 

This  name  may  be  given  to  the  combination  of  the 
fedative  or  boracic  acid  with  lime.  This  fait  has  ne- 
ver been  examined,  though  it  be  certain  that  the  bo- 
racic acid  is  capable  of  combining  with  lime,  as  lime 
decompofes  borax  of  foda*  The  chemifts  of  the  aca- 
demy of  Dijon  have  pbferved,  that  the  concrete  bora- 
cic add,  when  treated  in  fire,  withilaked  lime,  af- 
fords a  matter  whofe  parts  adhere  very  feebly  together., 
and  take  no  hold  on  the  crucible.  If  this  matter  be 
caft  into  water,  it  difplays  none  of  the  charafteriflics 
of  lime  ;  and  this  proves  that  a  combination  muft  ac- 
tually have  taken  place,  M.  Baume  mentions  his  ha- 
ving faturated  lime-water  with  fedative  fait:  the  li- 
quor when  ev24X)rated  in  the  air  afforded  no  cryftals, 
but  yellowiOi  pellicles,  having  a  faint  tafte  of  the  bora- 
cic acid.  Laflly,  the  academicians  of  Dijon  digefted 
on  a  fand-bath  a  faturated  folution  of  this  acid  with 
flaked  lime.  This  foIuiV'n,  when  filtered,  gave  a  co- 
pious white  precipitate  oil  the  addition  of  fixed  alkali. 
Thefe  feveral  experiments  (how  nothing  more  than  the 
poilibility  of  diflblving  lime  by  the  boracic  acid,  and 
give  us  no  information  concerning  the  properties  of 

C4  the 
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the  neutral  fait  which  refult$  ffom  the  cooibia^tioit 
then  effeAed.  « 


Species  V.    Fluor  Spar^  or  Calcareaus  Fluate. 

This  fait  is  a  combination  of  the  fluoric  acid  with 
lime.  It  abounds  through  nature.  It  is  found  more 
efpecially  in  the  neighbourhood  of  mines,  the  exiftence 
of  which  it  always  indicates.  Hitherto  it  has  been 
confidered  as  a  ftone,  on  account  of  its  infipidity,  hard- 
nefs,  and  infolubility.  It  is  called y^^r,  as  being  of  a 
fpathofe  form  and  fTa£l:ure ;  Jluor  oxfujibk^  bi^paufe  it 
melts  very  readily,  and  is  estn  employed  advantage- 
oufly  as  a  flux  in  the  working  of  mineral  ores ;  viiri'- 
CMS,  becaufe  it  has  the  appearance  of  glafs,  aBd  may 
even  be  formed  by  fufion  into  a  very  fine  fp^ies  of 
glafs  ;  cuiicy  becaufe  it  appears  always  undei:  a  cubic 
form ;  and  phojphoric^  becaufe  when  heated  and  taken 
into  a  dark  place,  it  has  a  luminous  appearance*  Be- 
fore Scheele's  difcovery  of  it,  vitreous  fpart  though 
fufficiently  diftinguiflied  by  the  miners  ffom  all  other 
mineral  matters,  in  confequence  of  its  fufibility,  had 
been  always  confounded  by  naturalifts  with  gypfeous 
fubftances,  calcareous  and  ponderous  fpars,  which  have 
been  alfo  called  fufible.  The  celebrated  Margraaf, 
however,  had  eftabliihed  a  diilindion  between  this 
fait  and  ponderous  fpar ;  appropriating  to  the  former 
the  name  of  vitreous  fuftble  fpar ^  and  calling  the  latter 
phofphoric  fujible  fpar  ;  and  our  acknowledgments  are 
due  to  that  chemift  for  the  firft  difcoveries  of  the  pro- 
perties of  calcareous  fluate. 

This 


• 

This  tait  appears  ufuallyunder  the  form  of  very  re-- 
gdar  cubic  cryftals,  of  various  colours^  and  of  an  icy 
and  vitreous  tranfparency*  Its  fradure  is  fpathofe^ 
and  exhibits  cubical  plates  feemingly  cracked  at  the 
furface.  It  breaks  when  ftruck  againft  fteel :  it  is  al- 
ways found  among  mineral  ores,  to  which  it  often  ferves 
as  a  bed  or  matrix*  Sometimes  it  is  opaijue,  and  in  ir- 
regular mafles.  It  is  weightier  than  any  of  the  other 
(aline  matters  which  we  have  examined.  It  is  fome- 
times  clouded,  veined,  fpotted,  and  oftener  green,  red, 
rofe,  or  violet  coloured,  &c. 

We  may  take  notice  of  ten  leading  varieties  of  this 
iait  as  it  is  found  in  nature. 


1.  Cubic  calcareous  fluate,  or  vitreous'  fpar,  white 

and  tran^arent. 

2.  Cubic  calcareous  fluate,  or  vitreous  fpar, .  wlute 
and  claque. 

3*  CuUe  calcareous  fluate,  or  vitreous  fpar,  yellow ; 

falfe  topaz. 
4*  Cubic  calcareous  fluale,  or  vitreous  fpar,  red- 

difli ;  falfe  ruby* 
5«  Cubic  calcareous  fluate,  or  vitreous  fpar,  pale 

gr^^ ;  falfe  aqua-marine. 

6.  Cubic  calcareous  fluate,  or  vitreous  fpar,  green  ; 
faUe  emerald. 

7.  Cutnc  calcareous  fluate,  or  vitreous  fpar,  violet ; 

falfe  amethyfh 

8.  Odohaedral  calcareous  fluate,  or  vitreous  fpar, 
with  truncated  pyramids. 

I  have 
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1  have  in  my  pofleffion  a  cryftal  of  this  kind, 
which    is    femi-tranfparent    and    fomevfrhat 
blackiih. 
9.  Calcareous  fluate,  or  vitreous  fpar,  in  an  irregu- 
lar iameliated  mafs. 

1 

It  is  almoft  always  of  a  clear  green  or  violet 
colour.     It  forms  the  gangue  of  fevcral  ores, 
and  is  fometimes  in  rolls. 
10.  Calcareous  fluate,  ox  vitreous  fpar,  in  layers  of 
various  degrees  of  thicknefs  and  of  various  co- 
lours. 
Almoft  all  of  thefe  varieties  of  calcarieous  fluate  are 
ftill  but  one  faline  fubftance,  namely  a  combination  of 
the  fluoric  acid  with  lime.     They  are  ufually  found, ' 
however,  when  carefully  analyfed,  to  contain  various 
extraneous  matters,  fuch  as  flliceous  earth,  clay,  and 
iron.     This  is  the  charader  of  all  natural  products  in 
general.     England  is  very  rich  in  calcareous  fluate. 

When  this  earthy  fait  is  expofed  to  a  moderate  fire, 
Jt  acquires  a  phofphoric  quality  in  a  pretty  eminent  de- 
gree ;  but  if  made  red  hot,  it  is  entirely  diverted  of  this 
quality.  \t  at  the  fame  time  lofes  its  green  or  violet 
colour,  and  becomes  grey  and  friable.  When  fuddehly 
expofed  to  a  flrong  heat,  it  decrepitates  almoft  in  as 
lively  a  manner  as  muriate  of  foda.  When  ^powdered 
£uate  of  lime  is  thrown  on  a  hot  iron,  it  gives  a  bluifh 
or  violet  light,  which  in  an  inftant  difappears.  If  ex- 
pofed a  fecond  time  to  heat,  it  no  longer  exhibits  the 
fame  phaenomenon. 

A  ftrong  heat  melts  this  fait  into  a  tranfparent  uni- 
form glafs,  which  adheres  to  the  crucibles.     It  melts 

one 
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one  fourth  of  its  weight  of  fine  quartz,  and  is  therefore 
ufed  as  a  flux  in  fmelting. 

Calcareous  fluate  is  neither  alterable  by  air  nor  fo- 
luble  in  water.  It  ferves  as  a  flux  for  earthy  and  fa- 
lino-terrene  matters.  Pure  fixed  alkali,  whether  mineral 
or  vegetable,  does  not  decompofe  it ;  becaufe,  according 
to  Bergman,  lime  has  a  greater  aBinity  than  either  of 
thefe  falts  with  its  acid. 

The  concentrated  fulphuric  acid  difengages  the  fluoric 
acid  from  this  (alt,  and  is  commonly  emplbyed  for  this 
purpofe.  One  part  of  calcareous  fluate  in  powder,  toge- 
ther wich  three  parts  of  fulphuric  acid,  are  put  into  a 
glafs  retort.  This  mixture  becomes  gradually  hot,  an 
effervefcence  is  produced,  and  the  fluoric  acid  is  difen- 
gaged  in  a  vaporous  form.  This  diftillation  is  efieded 
without  the  application  of  external  heat ;  and  a  white 
fubftance,  refembling  an  eflHorefcence,  is  fublimed  and 
depofited  in  the  receiver  by  the  acid  gas.  Heat  being 
then  applied,  the  fluoric  acid  is  obtained  in  a  concen- 
trated ilate,  covered  with  a  thick  earthy  pellicle,  refemb- 
ling the  white  efilorefcence  above  mentioned  \  and  drops 
into  water  in  the  receiver.  This  acid  may  be  obtained 
in  a  gazeous  form,  by  inferting  the  extremity  of  the  re- 
tort into  a  bell  glafs  filled  with  mercury.  This  aeri- 
form acid  «is  tranf^arent,  and  never  fufiers  the  earth 
combined  with  it  to  be  precipitated  but  when  it  comes 
into  contafl  with  water.  Irom  this  we  underfland 
why  the  liquid  fluoric  acid  depofites  ftony  incruftations 
in  the  bottom  of  the  receiver  :  for  whenever  it  is  com- 
bined with  water  it  becomes  incapable  of  maintaining 
them  in  folution.  We  have  already  taken  notice  that 
this  earth,  being  of  a  filiceous  nature,  feems  to  have 

originally 
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OTigmally  belonged  to  the  glafs  velTels  which  have  been 

corroded  by  the  fluoric  acid,  and  is  not  produced  by 

the  combination  of  the  acid  with  water,  as  Scheele  at 

fifft  imagined.    At  the  end  of  the  diftiHation,  the  re- 

fidae  13  obferved  to  be  hard,  of  a  white  or  reddiih  co- 

loQf,  and  difpofed  in  plates,  while  the  retort  is  corroded 

m  a  Tery  difcemable  manner.     This  did  not  efcape 

MargraaPs  obfervation  :  and  by  examining  the  refidue, 

we  find  it  to  confifl  of  calcareous  fulphate  mixed  with 

filiceouSy  or  often  even  with  aluminous  earth,  and  a 

little  magnefia.    The  two  laft  of  thefe  fubftances,  as 

well  as  iron,  appear  to  exift  only  accidentally  in  cal« 

careous  fiuate.     The  incruftation   depofited  by  the 

fluoric  acid  h  of  a  fiUceous  nature ;  for  it  is  neither 

fufiUe  nor  foluble  in  adds,  and  the  fixed  alkalis  melt 

it  ittto  a  white  dttnd>Ie  glafs.    It  appears, from  the  hi* 

fiory  of  d)i9  eicperiraent,  that  it  is  impoilible  to  diftil 

a  great  quantity  of  this  acid,     i  have  feveral  times 

tried  k  with  a  pound  of  calcareous  fluate,  with  a  view 

to  obtain  a  good  quantity  of  the  fluoric  acid  ;  but  find* 

ing  the  retort  always  incapable  of  refifting  fo  corrofive 

aa  agent,  I  was  at  length  obliged  to  g)ve  ^p  the  hope 

of  diftilling  fo  large  a  quantity 

The  nitric  acid  d^ompofes  palcareoiis  fluate  \  but, 
according  to  M«  BouUanger,  the  phenomena  which 
appear  on  the  occaiion  are  very  different  from  thofe 
which  we  have  juft  been  defcribing.  No  incruftation 
is  (brmed,  as  when  the  fulphuric  acid  is  employed  to 
decompofe  this  fair.  But  the  circumftances  of  this 
qperatioBL  have  not  yet  been  examined  with  fufficient 
attention* 

According 
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Accordiiig  to  Scheele^  the  mmiatic  acid  likewife  le- 
parates  the  fluoric ;  but  he  gives  no  particular  account 
of  the  pheenomena  attending  this  decompofition* 

We  are  as  yet  ignorant  of  the  manner  in  which  moft 
of  the  neutral  falts  ad  on  calcareous  fluate.  We  know 
only  that  carbonate  of  potafh  or  foda  decompofes  it  by 
a  doable  affinity,  whereas  the  cauftic  fixed  alkalis  ne- 
ver decompoTe  it.  When  one  part  of  this  fait  is  melt* 
cd  with  four  parts  of  carbonate  of  potafh,  if  the  mix- 
ture be  thrown,  when  melted,  into  water,  it  gives  a 
precipitate  of  carbonate  of  lime,  which  is  formed  by 
the  union  of  the  carbonic  acid  with  the  lime  of  the  cal- 

# 

careous  fluate ;  and  the  liquor  contains  fluate  of  pot- 
afl),  which  may  be  obtained  by  evaporation  in  a  gela« 
tinoQS  form.  When  carbonate  oi  foda  is  employed, 
the  products  are  carbonate  of  lime  and  fluate  of  foda; 
and  the  laft  is  obtained  in  cryftals  by  evaporating  th^ 
liquor. 

Calcareous  fluate  is  not  employed  for  any  ather  put- 
pofe  but  in  fmelting  mineral  ores  ;  and  it  is  an  excel- 
lent flux.  It  might  be  ufed  for  the  fame  purpofe  in 
aflaying  metals. 


Species  VI.     Carbonate  of  Lime  or  Chalk  ;  Calcareous 

matters  in  general. 

Calcareous  fpar,  marble,  chalk,  and  all  calcareous 
matters  in  general,  are  faline  fubftances  formed  by  the 
combination  of  the  carbonic  acid  with  lime:  the  proper 
denomination  to  be  given  them  is  therefore  carbonate 
of  lime^  or  calcareous  carbonate.    This  fubflance  has 

been 
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been  ranked  by  naturalifts  among  (lones  ;  becaufe  thejr 
have  not  diftinguifhed  it  to  poflfefs  any  faline  proper-^ 
ties.  We  (hall  fee,  however,  that  it  has  a  kind  of  fa- 
pidity,  is  foluble  in  water,  admits  of  decompofition^ 
and  affords  when  analyfed  a  great  quantity  of  the  car- 
bonic acid,  and  of  the  falino-terrene  fubllance  known 
by  the  name  of  lime*  As  calcareous  fpar  is  the  lad  mo- 
dification of  a  matter  which  exifts  under  a  vaft  variety 
of  forms,  and  has  paffed  through  many  different  ftates, 
before  being  regularly  cryftallized ;  it  will  therefore  be 
proper  to  take  a  general  view  of « calcareous  or  creta- 
ceous fubftances  *• 

No  department  of  natural  hiftory  difplays  a  wider 
field,  or  a  fuller  feries  of  well  eftabliflied  fads,  than 
that  of  calcareous  matters.  Long  and  uniform  obferva- 
tFon,  with  proper  opportunities  of  obferving  the  gra-* 
dual  progrefs  of  nature  in  forming  thefe  bodies,  has  de-* 
termined  that  the  bottom  of  the  fea  is  the  great  labo* 
ratory  in  which  the  proceffes  neceffary  for  their  pro- 
du£lion  are  conftailtly  carried  on.     Among  the  nume-- 

rous 

*  I  am  of  opioiony  that  all  thofe  fubftances  vrhtch  are  ufually 
known  in  natural  hiftory  by  the  name  of  cdcareouty  might,  with 
more  propriety,  be  denominated  cretaceous  fubftances.  The  latter 
term  indicates  the  neutral  faline  combination  formed  by  lime  and 
the  carbonic  acid,  namely,  chalk,  creta  ;  the  former  belongs  pro- 
perly to  lime  calx,  which  is  the  bafe  of  that  fait.  The  exprefEgn 
calcareous  earthy  or  matter ^  fiiould  be  appropriated  to  quicklime  ; 
cbalkjy  or  cretaceous  matter^  (hould  be  applied  to  the  combinatioh  of 
quicklime  with  the  acid  of  chalk.  But  it  is  not  to  be  ezpedtedthat 
thefe  two  expreflions  which  have  always  been  fynonimous.  fhould 
be  all  at  once  adopted  into  our  language,  and  applied  to  diSin^ 
fubftances,  whatever  might  be  the  advantage  arifing  from  this  ufe 


I 
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tous  tribes  of  animals  inhabltiDg  that  immenfe  body  of 
water,  there  are  feveral  clafles,  the  numberlefs  indivi- 
doals  of  which  appear  to  be  deftined  to  increafe  the 
folid  mafs  of  our  globe.  Such  are  fhell-fifheSy  madre- 
pores, and  lithophites  ;  the  folid  parts  of  which  when 
examined  by  the  chemift  fome  time  after  the  de:;th  of 
the  animal,  exhibit  all  the  charaderiflics  of  calcareous 
matters.  Calcareous  mountains  are  formed  by  the  fuc- 
cei&ve  accumulation  of  thofe  marine  Ikeletons.  Tho' 
there  be  a  mighty  difference  between  thefe  animated 
beings  in  their  natural  ftate,  and  cryftallized  calcareous 
fpar;  though  it  be  difficult  on  a^firit  view  to  perceive 
any  refemblance  between  the  foft  pulpy  fubftance 
of  the  animal,  and  the  hard  ftony  mafs  which  its  car«- 
cafe  afterwards  contributes  to  form,  and  which  is  de- 
clined to  cement  and  confolidate  our  buildings  ;  yet  it 
is  not  impoffible  to  form  an  idea  of  the  fucceilive  alte- 
rations which  they  mull  undergo  before  they  can  ar- 
rive at  the  (late  of  mineral  bodies.  The  following  ap- 
pear to  be  the  gradations  through  which  this  ani- 
mated organized  matter  mud  pafs,  before  it  can  be- 
come tranfparent  and  cryftalline  carbonate  of  lime,  or 
calcareous  fpar. 

The  waters  of  the  ocean,  agitated  by  laws  of  motion, 
which  are  (lill  unknown  to  us,  gradually  change  their 
iituation,  and  come  to  ocupy  a  new  bed.  They  defert 
one  fhore,  and  encroach  upon  another.  M.  Bufibn,  in 
his  Theory  of  the  Earth,  gives  full  evidence  of  this  fadl. 
When  the  waters  retire  from  a  part  of  the  bed  which 
they  have  occupied,  they  leave  uncovered  the  •  (Irata 
which  their  various  motions  (of  which  this  celebrated 
philofopher  has  given  fo  ingenious  an  account)  have 

fprmed 
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formed  by  the  fucceflive  accumalation  of  the  folid  ptktt 
or  (keletons  of  marine  animals.  Thefe  layers  are  aU 
moft  entirely  compofed  of  fhens ;  which  lofing  by  pu- 
trefadion  the  animal  gluten,  and  with  it  their  colours^ 
the  polifli  of  their  interior  furface,  and  more  efpecially 
their  tonfillency,  become  friable  and  earthy,  and  pafs 
into  the  (late  of  foi&ls.  Hence  the  production  of  earths 
and  ftones  containing  (hells. 

Thefe  ftones  are  worn  by  the  waters  till  they  gra- 
dually lofe  the  organic  form,  become  more  and  more 
friable,  and  are  at  length  converted  into  that  fubftance 
known  by  the  name  of  chalk.    When  a  ihell-ftone  is 
fo  hard  as  to  be  fufcepiible  of  polilh,  and  the  fliells  of 
which  it  condfts  have  retained  their  organization,  k^ 
far  as  ftill  to  difplay  different  colours,  it  is  called  a  /»- 
macbello. .  When  the  marks  of  organization  are  totally 
deftroyed,  if  the  ftone  be  hard  and  fufceptible  of  po- 
lifli, it  is  known  by  the  name  of  marble.    Water  im- 
pregnated with  chalk,  depofites  it  on  all  bodies  over 
which  it  flows,  fo  as  to  form  incrujiations.    When  it 
filtrates  through  the  arches  of  fubterraneous  cavities,  it 
depofites  a  white  opaque  matter  formed  into  conical  fi- 
gures, confifting  of  concentric  layers  ;  which  refemble 
the  bottoms  of  lamps,  and  are  cdiltdjialaffites.   When 
thefe  are  accumulated  in  large  maffes,  fo  as  to  fill  up 
the  caverns,  and  remain  long  under  ground,  they  ac- 
quire  a  confiderable  degree  of  hardnefs,  and  obtain  the 
name  of  alabafter.    Laflly,  When  water  impregnated 
with  chalk,  extremely  fine  and  very  much  attenuated, 
penetrates  flowly  into  ftony  cavities,  and  depofites  that 
fubftance  as  it  were  particle  by  particle ;  thefe  minute 
bodies  gradually  unite  their  correfponding  furfaces  in 
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a  fymmetrical  and  regular  manner,  forming  hard  tranf« 
parent  cryftals,  refembling  thofe  of  faline  matters ; 
which  receive  the  name  of  calcar ecus  f pars.  This  is  the 
laft  degree  of  attenuation  to  which  chalk  is  liable,  the 
ftate  in  which  it  differs  the  mod  from  its  original  cha* 
rader  as  part  of  an  animal  body,  and  bears  the  great* 
eft  refemblance  to  a  real  fait. 

Thefe  tranfitions  of  cretaceous  matters,  through  fo 
many  different  dates,  the  confideration  of  which  opens 
to  the  naturalift  fuch  exteniive  views  of  the  antiquity 
of  this  globe,  the  alterations  which  it  has  undergone, 
and  the  range  of  the  animal  kingdom,  out  of  which  fo 
coniiderable  a  part  of  its  furface  and  exterior  ftrata  is 
formed ;  thefe  difplay  to  the  eyes  of  the  chemift  no- 
thing more  than  one  matter,  a  neutral  fait,  formed  by 
the  combination  of  lime  with  the  carbonic  acid.  We 
(hall  proceed  to  confider  it  under  both  thefe  points  of 
\'iew. 


5   I.     Natural  Hijlory  of  Calcareous  Subjlances  •• 

BEFORE  entering  into  a  particular  enumeration  of 
calcareous  matters,  it  may  be  proper  to  take  a  ge- 
neral view  of  their  difpofition  in  the  terreflial  globe* 
Thefe  fubftances  are  difpofed  in  layers  of  a  larger  or  a 

D  narrower 

*  Although  ve  have  already,  in  the  hiftory  of  earths  and  (lones» 
gircn  methodical  dtvifions  of  calcareous  matters,  which  have  been 
ufoally  ranked  by  natoraltfts  under  that  clafs  of  nataral  bodies ;  yet 
we  think  it  proper  to  give  here  a  new  arrangemetu  of  them  found- 
ed on  other  conliderations  than  thofe  which  have  dire^ed  natur4* 
lids  in  their  labours  on  this  fnbjeft.    ?. 
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narrower  extent,  in  an  horizontal  or  an  inclined  direct 
tion,  and  impreffed  with  thje  moft  unequivocal  marks 
of  tbeir  having  been  expofed  to  the  aftion  of  a  mafs  of 
water.  Thcfe  ftrata  compofe  whole  mountains  and  hills, 
&c.  and  form  a  confiderable  part  of  the  cruft  or  Ihell 
of  our  globe.  They  afford  demonftration  that  our  earth 
was  once  covered  by  the  waters  of  the  ocean,  as  they 
confxft  of  the  exuviae  of  its  inhabitants.  The  waters 
filtrating  through  thofe  calcareous  maffes,  carry  off  part 
of  their  fubftance,  and  convey  it  deeper  into  fubter- 
ranequs  cavities,  under  the  different  forms  which  we 
are  to  examine.  The  general  charafteriftics  which  have 
been  afligned  them  by  naturalifls,  and  which  fuiEcient- 
ly  diftinguifli  them,  are  taken  from  two  remarkable 
properties  which  they  poffefs ;  they  never  fcintillate 
wdth  fieel,  and  they  effervefce  with  acids.  As  thefe 
calcareous  matters  appear  under  fo  many  varieties  of 
form,  it  becomes  abfolutely  neceffary  to  arrange  them 
under  feveral  genera.  We  admit  fix  genera  of  calca* 
reous  matters  *. 


Genus  I.     Earths  and  Stones^  compofed  of  Shells. 

ThjiSe  fubflances  have  been  ranked  among  (tones,  as 
being  apparently  infipid  and  infoluble.  But  when  an- 
alyzed, they  are  found  to  be  adually  faline,  as  well  as 
all  the  following  genera.     They  are  known  by  their 

organic 

•  The  reader  may  perhaps  be  furprifcd  to  meet  with  new  gene- 
ric dlvifions  in  the  hiftory  of  a  fpecies  of  fait :  but  thefe  genera  re- 
late not  to  natural  hiflory,  and  are  to  be  referred  only  to  the  par- 
ticular neutral  fait  which  we  are  examining.    F. 
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organic  form;  fhells  are  often  found  in  them  unbroken : 
the  ftone  is  indeed  nothing  but  an  accumulation  of 
thefe  organized  forms  ;  and  even  the  original  colours 
of  the  (hells  fometimes  appear  in  it.  Sometimes  too 
they  are  found  to  contain  animals  belonging  to  fpecies 
which  are  no  longer  known  to  exift  in  the  feas ;  fuch 
are  feveral  fpecimens  of  the  cornu-ammonisj  and  all  the 
nautili.  Again,  in  Europe,  and  even  in  France,  we 
6nd  foilil  (hells  belonging  to  fpecies  of  animals  which 
are  not  now  known  to  exift  any  where  but  in  America. 
Several  naturalifb  have  formed  very  extenfive  arrange<i' 
ments  of  foflil  (hells ;  but  as  they  are  the  fame  with 
thofe  of  the  living  animals,  we  will  treat  of  them  elfe- 
where.  There  are  likewife  folEI  remains  of  marine 
animal  bodies,  which  cannot  be  referred  to  any  known 
fpecies  of  the  prefent  inhabitants  of  the  ocean-  Tho^ 
we  have  no  complete  work  on  animal  foflils,  and  this 
department  of  natural  hiftory  has  not  yet  been  exa- 
mined with  fo  much  care  and  accuracy  as  mineralogy ; 
yet  we  have  defcriplions  of  a  great  many  of  thofe 
bodies,  which  fufHciently  prove  that  the  feas  have  been 
once  inhabited  by  fpecies  of  animals  which  no  longer 
exift. 

When  calcareous  foflil  bodies  appear  to  have  belongs 
ed  to  animals  of  a  known  fpecies,  they  are  then  diftin- 
gui(hed  by  a  name  referring  to  their  origin,  and  u- 
fually  compounded  of  the  name  of  the  clafs  of  the  ani- 
mals to  which  they  belong,  with  the  addition  of  a  w<>rd 
or  fyllable  denoting  their  ftate  as  ftones  ;  fuch  as  ma" 
drcporitcsy  &c.  But  it  is  to  be  obferved  that  human 
bones,  and  the  bones  of  quadrupeds,  birds,  and  fiflies, 
Vi  bich  have  been  buried  under  ground,  though  they 

Da  b§ 


^z  Salts  ^ 

be  likewife  known  by  the  name  of  fojtls^  are  not  pf  ;^ 
cretaceous  nature ;  they  retain  their  chara£ler  of  cal- 
careous phofphatp.  And  therefore  ornitholithes,  ich- 
thyolitheSy  &€•  are  not  to  be  ranked  among  cretaceous 
fubllances.       ^  • 

In  defcribing  organic  fubfiances,  the  origin  of  which 
is  unknown,  names  have  been  afligned  them,  derived 
from  their  particular  forms :  of  this  kind  are  the  lapides 
judaici^  thought  by  fome  to  be  the  fpeculas  of  fea 
hedge-hogs ;  the  lapides  njimifmales^  or  St  Peter*s 
pencCj  refembling  pieces  of  money,  which  appear  to  be 
fmall  cornua  Ammonis,  arranged  one  cv6r  another ; 
fqffil  bezoar^  a^kind  of  round  mafs  or  concretion  in  con- 
centric layers ;  ludus  Helmontit^  the  Injures  of  which 
appear  to  have  been  formed  by  the  drying  and  flirink* 
ling  of  a  foft  earthy  matter,  and  afterwards  filled  with 
calcareous  earth  ;  the  trochites^  entrochi^  and  ajirqitesy 
which  are  produced  from  a  zoophyte  named  fea-falm ; 
and  the pifolites ^  oolites^  or  meunites^  which  are  thought 
to  be  petrified  eggs  of  fifhes  or  infefts,  but  of  which  the 
true  origin  is  uTjknown. 

To  thi?  genus  of  true  calcareous  ftones,  we  likewife 
refer  all  prtrificu  fubftances,  to  whatever  animals  they 
may  have  belonged  ;  and  natural  hiftory  therefore  enu- 
merates here  gammarplites^  cancritesj  entomoliies^  aniphi- 
biolitesy  zoolites^  and  anthropoUtes.  But  from  the  new 
difcov'eries  concerning  the  nature  of  bones  it  appears, 
as  we  have  already  mentioned,  that  thefe  matters  are 
not  to  be  confidered  as  cretaceous.  The  fame  may  be 
faid  of  glojfopctra^  or  petrified  Jhark*s  teeth  /  ivory ^  or 
foffil  unicorn^  which  is  produced  from  elephant's  teeth  j 
turquoife^  or  bones  of  green  and  blue  colours  ;toadfiones^ 

the 
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the  grey  or  yellowifli  hollow  flones ;  which,  according 
to  M.  JufSeu,  are  the  upper  parts  of  the  grinders  of  the 
Brafllian  fifli  called  grandeur  ;  ZTLAferfenfs  eyesj  which 
according  to  that  nattiralift  belong  to  the  incifive  teeth 
of  the  fame  fifli. 

After  this  detail  of  particulars,  we  may  venture  to 
reduce  this  genus  to  two  fpecies,  comprehending  all  its 
varieties. 

Species. 

i .  Entire  fof&I  (hells. 

Thefe  differ  in  colour,  luftre,  hardnefs^  kc. 

m 

Under  this  fpecies  we  include  madrepores,  and 
all  calcateous  habitations  of  polypi  in  the  fodil 
ftate. 
i.  Falun,  or  cron. 
Shells  broken  and  reduced  ta  earth.     The  foil  of  a 
part  of  Touraine,  and  of  feveral-  of  the  other  provin- 
ces  of  France,  is  entirely  of  this  nature.    Thefe  earths 
are  an  excellent  manure; 


Genus  II.     Calcareous  Earths  and  Stones. 

These  confift  of  the  matters  of  the  former  genus,  at- 
tenuated, dlflfolved,  and  afterwards  depofited  by  water* 
They  are  found  in  banks  or  ftrata  in  the  bowels  of  the 
earth.  We  follow  M.  Daubenton's  diTifion  of  the  fpe- 
cies of  this  genus. 

Species. 

i;  Compa£l  calcareous  earth }  chalk. 

D  3  Thig 
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This  fubftance  varies  in  colour  and  finenefi 
of  grain ;  it  is  applied  to  a  great  many  domeiUc 
ufes. 

2.  Spongy  calcareous  earth  ;  (lone  marrow. 

3.  Calcareous  earth  in  powder  ;  fofCl  meal. 

4.  Calcareous  earth  of  the  confiftence  of  cream ; 
lac  lunse. 

5«  Soft  calcareous  earth  ;  tufa.     This  fubftance,  as 

it  dries,  becomes  hard  and  white. 
6.  Coarfe-grained  calcareous  ftone.     Arcueil-ftone 
is  a  fpecimen  of  this.    It  is  found  to  contain 
half-broken  (hells. 
^.  Fine  grained  calcareous  ftone.    The  thunder^ 
ftone  is  a  variety  of  this  fpecies. 
it  would  be  improper  to  enter  here  into  a  minute  de« 
tail  of  the  varieties  of  thefe  earths  and  ftones  :  but  it 
may  be  naturally  imagined  that  there  are  a  great  many 
depending  upon  difference  of  colours  and  hardnefs,  and 
the  various  purpofes  to  which  they  are  applied ;  and 
that  thefe  varieties  are  diftinguKhed  by  different  names. 
Almoft  all  of  them  may  be  prepared  as  lime  for  the 
purpofes  of  building,  &c,  &c. 


.  Genus  III.     Marble. 

Marbles  differ  from  calcareous  ftones  properly  (o 
called,  as  being  coniiderably  harder.  Like  thefe,  how- 
ever, they  do  not  fcintillate  with  fteel ;  they  effervefce 
with  acids,  and  their  fradure  is  granulated  ;  but  their 
grain  is  much  finer  and  clofer :  their  colours  are  more 
brilliant,  and  they  take  a  finer  polifh.    All  the  world 

kno\rs 
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knows  the  application  of  marble  in  fculpture,  archi-i 
tefhire,  &c.  It  is  ufed  too  in  fome  countries  for  mak« 
ing  lime. 

Species. 

I.  Lumachello. 

The  Italians  give  this  name  to  a  fpecies  of 
marble  formed  by  the  agglutination  of  {hells. 
i.  Breccia. 

This  is  a  fpecies  of  marble  confiding  of  fmall 
round  mafles,  tmited  by  a  cement  of  the  fame 
nature. 
3.  Marble,  properly  fo  called. 

This  fubftance  exhibits  neither  the  (hells  of 
lumachello  nor  the  round  mafles  of  breccia^  ; 
it  is  irregularly  fpotted,  and  fometimes  round. 
M.  Daubentdn  arranges  marbles'  by  the  num- 
ber  and  the  combination  of  their  colours,  in- 
cluding under  the  fame  denomination  both  lu« 
machellos  and  breccias. 

1.  Marble  of  fix  colours;  fpecimen,  white, 
grey,  green,  yellow,  red,  and  black}  Wirtem- 
berg  marble. 

2.  Marble  of  two  colours;  fpecimen,  white, 
and  grey ;  marble  of  Carara. 

3.  Marble  of  three  colours ;  fpecimen,  grey, 
yellow,  and  black ;  lumachello. 

4.  Marble  of  four  colours ;  fpecimen,  white, 
grey,  yellow,  red ;  brocatello  of  Spain. 

5.  Marble  of  five  colours ;  fpecimen,  white, 
grey,  yellow,  red,  black :  breccia  of  Old  Ca- 
ftile. 

D  4  4.  Figured 
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4*  Figured  marble. 

It  reprefents  ruins,  as  in  Florence  marble ;  of 
herbs,  as  in  Heflian  marble. 

It  is  to  be  obferved,  that  the  colours  of  marble  de- 
pend almoft  always  on  the  iron  intermixed  among  its 
grains.  This  fubftance,  though  fufceptible  of  a  fine 
poliih,  is  very  porous  ;  every  body  knows  that  it  is  ea- 
fily  fpotted :  and  this  property  renders  it  fit  for  itceiv- 
ing  delineations  of  coloured  flowers,  and  for  being 
flained  with  many  different  colours. 

Marble  is  often  mixed  with  fragments  of  an  hard 
flone,  fuch  as  quartz  and  filex.  The  part  which  con- 
tains fuch  fragments  gives  fire  with  fleel.  I  have  often 
obferved  this  of  feveral  kinds  of  black  marble. 


Genus  IV.    Concretions. 

Concretions  are  irregularly  formed  by  the  (lower 
or  quicker  difpofition  of  calcareous  matter  by  water  on 
the  furface  of  fome  body.  They  are  not  difpofed  in 
extenfive  layers,  but  by  fragments  ;  at  firft  in  infulated 
mafies;  which  are  at  length  united  in  one  uniform 
cruft. 

Species. 

I.  Incruftations. 

Waters  impregnated  with  chalk  depofite  it  on 
the  furfaces  of  all  bodies  over  which  they  flow  : 
and  incruflations  may  therefore  be  of  all  poflible 
forms,  correfponding  to  the  forms  of  the  bodies 
on  which  they  are  depofitedt    Such  are  thofe 

of 
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of  the  waters  of  Arcueil ;  fuch  too  is  the  Ofteo* 
colla,  &c. 

2.  Stalactites.  . 

Thefe  are  gradually  depofited  by  water  in 
concentric  layers,  fufpended  from  the  arches  of 
caverns,  &c.  They  vary  in  fize,  tranfparency,  * 
or  opacity,  grain,  colour,  and  form.  They  arc 
'  generally  hollow  and  pyramidal.  Flos  ferri  is 
the  purefl  of  all  the  fubftances  of  this  kind« 
When  they  adhere  to  the  fides  of  fabterraneous 
cavities,  they  receive  the  name  of  congelations  ; 
when  depofited  on  the  floor,  they  are  calltdijia^ 
lagmites* 

3.  Alabailer. 

Alabafter  feems  to  be  formed  of  the  pureft 
ilaladites,  after  they  have  been  long  buried  un- 
der ground*  It  is  fofter  than  marble;  and 
when  poliihed,  its  furface  appears  fat  and  oily« 
It  evidently  confifts  of  layers  difpofed  in  various 
diredions.  It  is  always  more  or  lefs  tranfpa** 
rent,  which  diftinguifhes  it  from  marbles;  but 
there  are  fome  fpars  which  it  never  equals  in 
tranfparency,  Alabafter  pofTelTes  likewife  all 
the  chara&eriftics  of  calcareous  ftones.  It  is  cut 
into  vafes  and  ftatues.  There  are  many  varie« 
ties  of  iu 

Varieties. 

I.  Oriental  alabafter.    This  is  thehardeft  and  moH 

tranfparent. 
a*  Occidental  alabafter ;  not  h  fine  and  pure  as  the 

preceding* 

3*  Alabafter 
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« 

3.  Alabaftcr  fpbtted  with  various  colours. 

4.  Wavy  alabafter.     This  is  called  agate  alahajler. 

5.  Flowered   alabafter ;    exhibitihg   fpecimens    of 
herborization; 


Genus  V.     Calcareous  Span 

Calcareous  fpar  diflFers  from  the  four  preceding 
genera  in  its  form,  which  is  generally  more  regular^ 
and  in  its  fra£ture.  It  is  compofed  of  laminae  arran- 
ged one  above  another,  which  are  very  difcernible 
^hen  it  is  broken.  It  crumbles  down  when  ftrack 
with  ileeL 

Species; 

1.  Opaque  calcareous  fpar. 

This  is  white  or  varioufly  coloured  :  and  u- 
fually  appears  in  rhomboidat  laminae. 

2.  Rhomboidal  tranfparent  calcareous  fpar ;  Iceland 
cryftal. 

It  repf efents  objeds  double.  It  is,  in  fpeci- 
inens,  often  an  artificial  fragment. 

3.  Lenticular  calcareous  fpar. 

This  M.  de  Rome  de  Lille  fuppofes  td  be  at 
variety  of  the  hexahsdral  prifmatic  fpar^  termi* 
nating  in  two  obtufely  triangular  pyramids. 
But,  it  is,  in  truth,  only  the  preceding  variety,' 
rounded  at  its  folid  angles. 

4.  Calcareous  fpar  in  prifms  without  pyramids. 

Thefe  are  truncated  hexahaedral  prifms,  with 
faces  either    equal  or    unequal,    and  having 

fbmetimes' 
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Varieties. 

fometimes  their  angles  cut  in  fuch  a  manner 
as  to  make  them  twelve-fided  prifms;  which 
circumftanees  give  three  varieties  of  this  fpe* 
cies. 
5*  Calcareous  fpar  in  prifms,  terminating  in  twcT 
pyramids. 

The  varieties  of  this  fpar  are  pretty  nume^ 
rous«  Some  of  them  are  hexahaedr^  prifms, 
terminating  in  pyramids,  which  are  alio  hexa- 
hsdral,  and  either  whole  or  truncated.  Others 
difplay  at  the  extremity  of  the  hexahacdral 
prifms  trihsdral  pyramids,  either  whole  or 
truncated,  or  with  dihaedral  fummits.  Laftly, 
There  are  fome  in  quadrangular  prifms,  termi- 
nating  in  dihacdral  fummits.  When  regular^ 
thefe  have  eighteen  trapezoid  faces. 
6.  Pyramidal  calcareous  fpar;  or  having  twelve 
triangular  faces. 

This  is  formed  of  one,  or  by  the  union  of 
two  pyramids,  without  any  intervening  prifm. 
The  hexahxdral  or  triangular  form  of  thofe  py« 
ramids,  the  inequality  of  their  fides,  and  the 
frequent  mutilation  of  their  angles,  diflinguifh 
them  into  a  great  many  varieties*. 

7*  Calcareous 

^  The  reader  who  wiflies  to  be  more  particalarly*  acqaainted  with 
the  Tarieties  of  the  {pars,  may  confult  Dr  Hill's  work  intituledy  The 
Hifiory  ofFoffiisy  coniaittmg  the  Hl/lory  of  Meiah  and  Gemt^  He,  London^ 
1748,  FoXtQ^  wtb  cofperpiata.  M.  Rome  de  Lille  gives  an  extrad 
from  this  work  in  the  fir  ft  edition  of  his  Cryftallographyy  page  1 3 19  «r 
feq.  p.  191,  dfeq.  concerning  calcareous  fpar  and  rock-cryftals.  He 
(bows  JDr  Hill's  method  to  be  perplexed  and  dcfedtrei  Sec.    F. 
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Varieties. 

J.  Calcareous  fpar  in  duodehaedral  figures. 

This  fpar,  refembling  a  kind  of  granite  of 
marcafite,  appears   to  confift  of  two  trunca- 
ted pentagonal  pyramids  joined  at  their  bafe. 
8.  Calcareous  fpar  in  ftriae. 

This  is  a  colle£tion  of  loiig  prifms,  bundled 
up  together  in  figures  of  no  determinate  regu- 
larity. The  Swedilh  lapis  fuillus  belong  to  thij 
fpecies. 


§  IL    Chemical  Properties  of  Calcareous  Carbonate;, 


AS  the  chemical  properties  of  bodies  refer  to  their 
principles  or  combination,  they  (hould  be  diflin* 
guifhed  by  names  expreflive  of  their  nature.  The  va- 
rious calcareous  mattets  which  we  have  enumerated^ 
are  therefore  to  be  confounded,  when  we  fpeak  of  them 
chemically  under  the  general  name  of  Calcareous  Car-^ 
bonate.  Experiments  for  determining  the  proper- 
ties of  this  earthy  fait,  fhould  be  made  either  on 
the  moil  tranfparent  calcareous  fpar,  or  on  pure  white 
marble. 

In  order  to  analyze  calcareous  carbonate,  we  muft 
firft  deftroy  its  aggregation  by  reducing  it  to  powder. 
)n  this  form  it  is  white  and  opaque.    It  has  no  very 
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fenfible  tafte;  but  when  kept  for  fome  time  in  the 
mouth,  it  contrads  the  fibres  of  the  palate  and  the 
tongue. 

When  this  earthy  fait  is  expofed  to  the  adion  of  fire, 
it  lofes  its  acid  and  the  water  of  its  cryftals.  If  fud- 
denly  expofed  to  a  ftrong  heat,  it  decrepitates  and  lo- 
fes its  tranfparencj.  By  diitilling  it  in  a  retort  we  ob- 
tain water  and  a  confiderable  quantity  of  carbonic  a- 
cid  gas ;  but  a  ftrong  heat  is  requisite  to  difengage  the 
gas.  After  undergoing  this  operation,  the  calcareous 
matter  is  reduced  to  the  ftate  of  quicklime :  the  fait 
rnay  be  formed  again  by  combining  the  quicklime  with 
the  acid.  Chalk,  which  differs  from  calcareous  fpar 
in  no  refpedl  but  in  being  lefs  cohefive,  and  opaque,  has 
been  difUUed  by  M.  Jacquin.  The  Duke  de  Roche- 
foucauld having  repeated  this  experiment  with  much 
xare,  has  obferved  that  part  of  the  aeriform  carbonic  a- 
cid  eicapes  through  the  flone  retorts  ufed  in  diftilling 
this  fubftance*  Dr  FriefUey  has  fully  eflablifhed  this 
fa&  by  a  number  of  very  Accurate  experiments.  An 
iron  retort,,  or  the  barrel  of  a  gun,  may  be  ufed  on  this 
occafion  ;  but  a  little  inflammable  gas  or  hydrogene  is 
always  obtained  at  the  fame  time,  and  is  produced  by 
the  adion  of  water  in  the  chalk  on  the  iron. 

When  calcareous  carbonate  is  expofed  to  a  flrong 
fire  in  clay  crucibles,  it  melts  into  glafs  round  the 
fides  of  the  veflel.  M.  d'Arcet  has  melted  pieces  of 
feveral  fpecies  into  a  fpotted  tranfparent  glafs.  But  as 
Macquer  has  obferved  that  this  earthy  fait  does  not 
mek  in  the  focus  of  M.  de  Trudaine's  lens,  the  fufion 
effe&ed  by  M.  d'Arcet  was  owing,  doubtlefs,  to  the 
flay  of  the  crucible- 
Calcareous 
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Calcareous  carbonate  fuffers  no  alteration  from  pure 
air :  but  the  rays  of  the  fun  aSing  upon  it  in  a  hu» 
mid  atmofphere,  deftroy  its  tranfparency  and  the  co- 
hefion  of  its  lamina,  Its  furface  aflumes  the  colours 
of  the  rainbow,  becomes  dark,  and  gradually  deli* 
l{uiates. 

It  does  not  appear  to  be  foluble  in  water.  Chalk, 
though  not  more  foluble  in  this  fluid  than  calcareous 
carbonate,  is  however  maintained  in  folution  by  ftreams 
of  water  running  over  beds  of  cretace  )us  matter.  In 
fome  inftances  water  contains  a  confiderable  quantity 
of  it.  Of  this  kind  are  the  waters  of  Arcueil  near  Pa- 
ris :  which  contain  fo  much  chalk,  that  in  a  few  months 
they  depofite  incruftations  on  bodies  immerfed  in  the 
canals  through  which  they  run.  The  bath  waters  of 
St  Philip  in  Italy  are  fo  ftrongly  impregnated  with  this 
fubftance,  as  to  depofite  layers  of  it  half  an  inch  thick 
in  the  fpace  •f  a  few  days.  Tablets  and  figures  of  this 
matter  are  obtained  from  thefe  waters,  by  immerfing  into 
them  hollow  moulds,  in  which  the  cretaceous  matter 
is  accumulated 

Calcareous  carbonate  contributes  to  the  vitrification 
of  feveral  earthy  and  ftony  fubftances :  when  mixed 
with  filiceous  earth  in  the  proportion  of  two-thirds  or 
three-fourths,  it  caufes  it  to  melt. 

This  fait,  when  mixed  "by  nature  with  an  argillaceous 
earth,  compofes  a  mixed  earthy  matter,  to  which  na- 
turalifts  and  farmers  give  the  name  of  marL  That 
fubftance  of  which  there  are  very  many  varieties,  dif- 
fering from  each  other  in  colour,  denfity,  &c.  melts, 
when  expofed  to  a  ftrong  fire,  into,  a  greenifh  yellow 
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glafs.     It  is  ufed  viiih  great  fuccefs  in  agriculture  to 
foften  and  fertilize  foils. 

Barytes  and  magnefia  have  no  adion  on  calcareous 
carbonate  in  the  humid  way  :  the  carbonic  acid  has  a 
ftronger  affinity  with  lime  than  with  either  of  thofe 
two  fubftances.  But  when  calcareous  carbonate  is  ex« 
pofed  to  fire  with  thefe  alkaline  earths,  it  enters  into  a 
vitreous  combination  with  them*  M.  Achard  has  made 
many  experiments  on  all  of  thefe  vitreous  mixtures  ; 
of  which  a  particular  account  is  given  in  the  Journal 
de  Pbji/ique. 

The  fixed  alkalis  and  ammoniac  produce  no  altera-* 
tion  on  calcareous  carbonate,  becaufe  the  carbonic  acid 
has  a  greater  affinity  with  lime  than  with  any  of  thofe 
falts. 

The  fulphuric,  the  nitric,  the  muriatic,  and  the  flu- 
oric acids,  decompofe  this  fait  by  feizing  its  bafe  and 
difengaging  the  carbonic  acid.     When  the  falphuric 
acid  is  poured  on  calcareous  carbonate,  it  excites  ebul- 
lition, by  difengaging  the  carbonic  acid  in  a  gafeous 
form.     Naturalilts  have  very  happily  aifumed  this  pro* 
perty  as  a  general  characteriftic  of  calcareous  fubftan- 
ces.     With  acids,  an  accurate  analyfis  of  calcareous 
carbonate  may  be  effLded.     In  order  to  this,  let  the 
lalt  be  reduced  to  powder,  and  a  quantity  of  fulphuric 
acid  be  poured  upon  it.    The  violent  efFcrvefcence  which 
arifes  at  the  inflant  when  the  two  fubftances  are  mixed, 
fiiows  the  carbonic  acid  to   be  then  feparated ;  and 
it  may  be  obtained,  and  its  quantity  meafured  in  a 
receiver,  with  the  help  of  a  fyphon  andbell-glafles 
filled    with   mercury.      The   eflervefcence  is   attend- 
^  with  cold,  occafioned  by  the  volatilization  of  the 
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acid.  When  it  ceales,  if  the  new  combination  be  exa. 
mined,  it  is  found  to  be  calcareous  fulphatc,  formed  by 
the  union  of  the  fulphuric  acid  with  the  lime,  whkh 
was  the  bafe  of  the  former  fait.  Late  experiments  have 
ftiown,  that  fcveral  of  thcfe  fpars  contain  a  little  mag- 
nefia,  *and  afford  fuJphate  of  magnefia,  when  diffolved 
\>y  the  vitriolic  acid.  The  nittic  acid  commonly  'made 
ufe  of  by  naturalifts,  in  affaying  calcareous  ftones,  pro- 
duces the  fame  effervefcence  with  calcareous  car- 
bonate as  the  fulphuric  acid:  it  difengages  the 
<:arbonic  acid,  and  forms  calcareous  nitrate  with  its 
bafe. 

The  muriatic  acid  likewife  feparates  the  acid  from 
calcareous  carbonate  with  a  violent  effervefcence,  and 
produces  muriate  of  time  by  combining  with  its  bafe. 
'    The  fluoric  acid  likewife  decompofes  this  fait,  form- 
ing calcareous  Huate  with  its  bafe. 

The  boracic  acid,  when  cold,  does  not  de'compofe 
calcareous  carbonate ;  but  caufes  it  to  effervefce  when 
heated  by  being  mixed  with  powdered  chalk,  and  dilu- 
ted with  a  fufficien^  quantity  of  water. 

The  carbonic  acid  renders  carbonate  of  lime,  or  cal- 
careous matters  in  general,  foluble.  We  have  already 
feen  in  the  hiftory  of  that  acid,  that  it  caufes  lime  wa- 
ter to  give  a  precipitate  of  chalk,  but  diffolves  it  again  on 
ihe  addition  of  more  of  the  acid  than  what  is  neceffary  to 
cffeck  the  precipitation.  Water  impregnated  with  the 
carbonic  acid,  when  left  (landing  above  a  quantity  of 
calcareous  carbonate  in  powder,  becomes  at  length 
impregnated  with  a  certain  quantity  of  this  earthy  neu- 
tral fait.  Various  waters  acquire  alfo  chalk  by  means 
of  the  acid  }   but  none  of  thefe  folutions  are  lading* 

•   When 
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Vriien  expofed  to  the  air,  they  aflume  gradually  a  tur- 
bid appearance  ;  and  in  proportion  as  the  carbonic  a- 
cid  efcapes,  the  chalk  is  precipitated-  Heat  caufes  this 
effecl  to  take  place  much  more  rapidly.  And  for  this 
reafoD,  waters  which  are  hard  and  crude  by  being 
impregnated  with  chalk,  may  be  corrected  by  boil- 
ing. 

As  it  is  ahnoil:  always  owing  to  the  carbonic  aciJ 
thai  water  maintains  chalk  in  folution,  we  may  natu- 
rally infer  that  this  earthy  fait  muft  be  precipitated 
when  the  acid  evaporates.  Such  is  the  origin  of  the- 
incruuaiions  and  accumulations  of  calcareous  matter 
which  are  formed  in  fountains  and  on  the  fides  of 
channels  through  which  water  of  this  character  flows  ; 
as  may  be  obfcrved  of  the  water  of  Arcueil  and  the 
bath-waters  of  St  Philip  in  Italy^  Before  natural  hif- 
tory  was  illuftrated  by  chemiftry,  fprings  exhibiting 
fuch  incruftations  were  called  petrifying  fountains^  and 
fuperftition  held  them  to  be  miraculous. 

Calcareous  carbonate  does  not  acl  in  any  manner  on 
neutral  falts  with  a  bafe  of  fixed  alkali.  It  decompo- 
fes  ammoniacal  falts.  By  this  decompofition  we  obtain 
on  the  one  hand  a  calcareous  fait,  formed  of  the  acid  of 
the  ammoniacal  fait  with  lime ;  on  the  other,  ammonia* 
cal  carbonate  produced  by  the  combination  of  the  car- 
bonic acid  with  ammoniac.  This  operation  is  per- 
formed by  diftlUing  in  a  (lone  retort  a  mixture  of  a 
pound  of  fal  ammoniac  with  two  pounds  of  chalk,  or 
rather  calcareous  fpar  in  jjowder.  Both  of  thefe  fub- 
fiances  muil  be  very  dry.  A  long  necked  balloon  muft 
be  fitted  to  the  retort,  or,  what  is  ftill  better,  a  ftone  or 
lafs  cucurbite.     Fire  is  to  be  gradually  applied  till  the 
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bottom  of  the  retort  be  made  red-hot ;  and  the  recmef 
muft  be  cooled  with  wet  clothes,  or  with  cold  water 
kept  running  around  it  during  the  whole  of  the  ope** 
ration.  White  vapours  arife,  and  are  condenfed  on  the 
fides  of  the  receiver  into  very  white  pure  cryftals. 
Tbefe  are  ammoniacal  carbonate.  This  is  the  procefs 
by  which  it  is  prepared  in  London,  from  which  it  was 
formerly  retailed  over  all  Europe  under  the  name  of 
Englijhfal  volatile.  This  fait  is  now  prepared  in  other 
countries  as  well  as  in  England.  The  refidue  after 
this  operation  is  calcareous  muriate  with  an  excafs  of 
lime,  generally  ih  fufion,  if  the  fire  have  been  ftrong  to- 
wards the  end  of  the  operation. 

Spar  and  calcareous  matters  in  general  are  applied  to 
many  purpofes,  as  we  have  already  obferved  when 
treating  of  their  natural  hiftory ;  but  one  of  the  moft 
important  is  the  preparation  by  which  they  are  reduced 
to  lime.  The  lime-burner  decompofes  calcareous  mat* 
ters,  driving  off  their  acid  by  the  aftion  of  fire.  Stones 
containing  ihells,  marbles,  and  moft  calcareous  fpars,  are 
the  fubftances  which  afford  the  beft  Ume  i  but  the  ftone 
which  is  generally  ufed  for  the  purpofe,  more  efpecially 
in  the  neighbourhood  of  Paris,  is  a  kind  of  hard  calca- 
reous ftone,  known  by  (he  name  of  lime-Jione^  Thefe 
ftones  are  built  into  a  kind  of  oven  or  turret,  forming 
an  arch.  A  fire  of  wood  is  kindled  under  the  arch, 
and  kept  up  till  a  pure  lively  flame,  without  fmoke, 
arife  about  ten  feet  above  the  oven,  and. the  ftones 
become  very  white.  Mineral  coals  and  peats  begin  to 
be  ufed  in  the  neighbourhood  of  Paris  for  burning 
Ume. 
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dooA  lime  is  hard  and  fonorous,  b^cotneS  very  hot 
on  being  brought  into  contact  with  water,  and  when 
flaked,  exhales  a  thick  fmoke.  When  not  fufficiently 
calcined,  it  is  not  fo  fonorOus^  nor  does  it  become 
fo  foon  hot  with  water,  or  to  fo  high  a  degree.  If 
too  much  burnt,  it  is  half  vitrified ;  it  then 'yields, 
when  ftmck,  too  clear  a  found,  and  does  not  unite  rea^ 
dily  with  watet.  The  lime-burners  then  call  it  burnt 
lime.  We  need  hofhere  fpe^  of  the  purpofes  to  which 
lime  is  applied,  as  we  have  taken  notice  of  them  in 
treating  of  the  pure  fubftance* 

We  may  here  add,  that  the  calcafe9us  carbonate^ 
which  is  found  mixed  in  very  fmall  fragments  with 
calcareous  fulphate,  and  exiils  in  mountains,  in  exten- 
five  ftrata,  moft  commonly  regular,  and  feparated  by 
clay  and  marl,  as  in  the  vicinity  of  Paris,  is  the  beft 
plafter  (lone  for  buildings  Though 'we  have  already 
adverted  to  this  in  the  article  of  calcareous  fulphate^ 
it  may  be  not  improper  to  return  to  it  in  this  place, 
and  to  enter  into  fuch  a  detail  of  particulars  as  may 
fupply  what  is  wanting  on  this  head  in  all  works  on 
natural  hiflory  and  chemiftry. 

We  muft  firft  recoiled  that  pure  calcareous  fulphate 
gives  only  fine  plafter  by  calcination;  which  makes 
but  an  incoherent  pafte  with  water,  and  is  caft  into 
ftatues.  It  is  univerfally  known,  that  this  pafte  when 
dry  is  not  tenacious,  and  is  fo  brittle  that  the  fmalleft 
degree  of  refifting  force  is  fufficient  to  break  it.  The 
reafon  is,  that  when  this  faline  matter  regains  the  wa- 
ter which  is  loft  by  calcination,  it  forms  an  equal  ho- 
mogeneous mafs.  This  is  by  no  means  the  cafe  with 
plafter,  fit  for  the  purpofes  of  building.     The  ftone 
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which  'affords  it  at  Montmarire  and  other  places,  i! 
a  kind  of  breccia,  confifting  of  very  fmall  granulated 
cryftals  of  fulphate  of  lime,  with  very  thin  plates  of 
calcareous  carbonate.  The  prefence  of  the  latter 
fubftance  may  be  afcertained  by  dropping  a  little  of 
the  nitric  acid  on  the  (lone ;  it  produces  a  lively  ef- 
fervefcence  by  difengaging  the  carbonic  acid.  If  a 
given  wei<2:ht  of  Montmartre  plafter  ftone  be  diffol- 
ved  in  a  fufficient  quantity  of  aquafortis,  the  calca- 
reous carbonate  is  entirely  decompofed,  its  lime 
unites  with  the  nitric  acid,  and  what  remains  is 
calcareous  fulphate,  a  fubftance  infoluble  in  this 
acid.  This  experiment  fliows,  that  the  proportion  of 
calcareous  carbonate  varies  in  different  plafter  ftones ; 
and  that  in  the  befl  it  conftitutes  rather  more  than  a 
third  part. 

This  fact  concerning  the  mixed  nature  of  plafter 
ftones  being  fully  eftablifhed,  it  is  eafy  to  compre- 
hend the  nature  of  the  phaenomena  which  building 
plafter  exhibits  when  burnt,  flaked,  and  hardening. 
When  this  earthy  fait  is  burnt,  the  calcareous  ful- 
phate which  it  contains  lofes  the  water  of  its  cr)f- 
tals,  and  becomes  friable ;  while  the  calcareous  car- 
bonate, at  the  fame  time  lofing  its  acid,  becomes  a 
calx.  On  this  account,  plafter  which  has  been  pro- 
perly burnt,  is  acrid  and  alkaline,  communicates  a 
green  colour  to  fyrup  of  violets,  acquires  heat  when 
•brought  into  contaft  with  the  acids,  without  efler- 
vefcing,  and  gradually  lofes  its  flrength  when  ex- 
pofed  to  the  air,  in  proportion  as  the  quicklime 
which  it  contains  is  flaked,  by  attraSing  water  and 
carbonic  acid  from  the  atmofphere.     When  wrought 
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inio  mortar,  it  gives  oui  heat,  in  proportion  as  it 
abforbs  water.  As  to  its  folidity,  (wliicri  it  is  well 
known  to  alTume  very  readilyj,  a  characleriftic  pro- 
perty in  which  it  is  dirtiflly  oppofite  to  pure  lime, 
the  quicklime  contained  in  the  mafs  foon  abforbs  as 
much  water  as  is  requifite  to  flAe  it,  and  the  calca- 
reous fulphate  intermixed  among  its  particles,  like- 
wife  attrading  a  certain  portion,  is  fuddenly  cryftal- 
lized,  and  atls  the  part  of  fand  or  cement,  by  uniting 
and  confolidating  the  time. 

Ladly,  This  theory  explains  why  plafter  retains  its 
charactcriftic  properties,  when  kept  dry  and  expo- 
fed  to  heat ;  but  when  expofed  to  moillure,  gradually 
lofes  them  and  waftes  away.  Thefe  pha:nomena  are 
owing  to  its  being  compofed  of  two  faline  principles, 
both  foluble  in  water. 
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Genus  IV.    Neutral  Salts  j  with  a  bafe  of  Mapiefia^  w 

Magn^an  Saltu 


WE  have  already  feen  io  the  hifloiy  of  acids, 
that  magnefia  readily  combines  with  thofe 
ialts,  forming  by  this  combination  a  peculiar  genus 
of  neutral  falts.  Thefe  neutral  falts  are  as  yet  but 
imperfectly  known,  few  chemifts  have  made  them 
the  fubjeft  of  their  inquiries.  The  celebrated  Dr 
Black  ^  firft  diftinguifhed  them  as  a  peculiar  genus  of 
falts  ;  they  were  before  confounded  with  other  neutral 
falts,  having  an  earthy  bafe. 

Magnefian  falts  poflefs  generic  chara£beriflics.  Al- 
xnoft  all  of  thein  are  bitter  and  faline :  and  they  maybe 
obtained,  though  not  without  difficulty,  in  regular  cryf- 
tals.  Moft  of  them  diflblve  very  readily  in  water,  and 
fome  even  attraft  the  moifture  of  the  atmofphere.    They 

*  '      are 

•  See  Dr  BlacVt  paper  of  experiments  on  MagneJtM^  printed  and 
publifhedy  together  with  Cullen  on  the  evaporation  of  fluids,  in  one 
finall  pamphlet.    H» 
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are  eafier  decompofed  than  ammoniacai  or  calcareous 
bits ;  barytes,  lime,  the  fixed  alkalis,  and  even  ammo- 
niac in  part,  rob  them  of  their  acids.  Ammoniac  en- 
ters into  union  unth  both  magnefia  and  an  acid  at  the 
£uaae  time ;  and  thus  forms  ammoniaco-magnefian  falts, 
coniifting  of  three  principles. 

In  this  chapter  we  mean  to  ezaimne  fix  of  thefe 
fidts ;  namely,  magnefian  fulphate  or  Epfom  fdr,  mag« 
aefian  nitrate,  magnefian  muriate,  magnefian  borate, 
magnefian  fluate,  and  magnefian  carbonate. 


Spedes  I.    Sidpbate  of  Magnefia^  or  Effom  Satt^ 

The  neutral  fait  formed  by  the  combination  oi  the 
iulphuric  acid  urith  magnefia,  has  received  the  name 
of  Epfom  fait  y  from  Epfom  wells  in  England,  where  it 
was  formerly  obtained  in  great  abundance.  It  is  like* 
wife  found  in  the  waters  of  Egra,  Sedlitz,  and  Seyd- 
fchutz  f •  Its  proper  name  is  fulpbate  of  magnefia^  ^r 
mapufian  fulphate. 

This  ialt  has  a  very  bitter  tafte,  from  which  it  has 
been  called  bitter  cathartic  fait.  In  commerce  it  ap- 
pears in  fmall  needles,  terminating  in  very  fliarp  point- 
ed pyramids ;  in  which  ftate  it  jf^  pretty  much  like  ful- 
phate of  foda,  or  Glaiiber  fait ;  but  when  regularly 
cryftallized,  it  is  of  a  more  bitter  tafte,  does  not  efflo- 
refce  in  the  air,  and  gives  cryftals  of  a  very  different 
form.     When  fuffered  to  cryftallize  fpontaneoully,  its 

£  4  cryftaTs, 

f  M,  Chapial  rehtesy  tbat  the  fulphate  of  magnefia,  common  in 
FroMCit  is  obuined  from  the  (alt  fprings  of  L^rrmne^  or  from  the 
ijdt- works  star  Narhmae,     H* 
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cryftals  are  fine  quadrangular  prifms,  terminating  ia 
pyramids,  which  are  alfo  quadrangular.  The  fides  of 
thofe  prifms  and  pyramids  are  H^iooth  and  plain,  and 
the  cryllals  are  generally  fhorter  and  thicker  than 
thofe  of  fulphate  of  fbda.  All  its  other  properties,  as 
we  fliall  hereafter  fee,  concur  to  diftinguifli  it  from  that 
perfeft  neutral  fait. 

Sulphate  of  magnefia,  like  fulphate  of  foda  and  bo- 
rax,  retains  in  its  cryftals  enough  of  water  to  make  it 
fufceptible  of  aqueous  fufion.  The  moft  moderate 
heat  is  fufficient  to  melt  it :  when  cooled  after  this  fu- 
fion, it  becomes  a  fliapelefs  mafs.  If  it  remain  expo- 
fed  to  fire  after  this  aqueous  iiquefacbion,  it  dries  in:6  a 
white  friable  mafs,  which  is  the  fait  unaltered,  only, 
without  the  wat.r  which  entered  into  its  cryflaN*  A 
very  intcafe  heat  is  requifite  to  bring  magnefian  ful- 
phate to  an  adl'jal  ij^neous  fufion.  This  fait  in  cryllals 
contains  a  quantity  of  water  nearly  equal  to  half  its 

wcijht. 
p 

Mc'.cquer  and  fcveral  other  chemifts  fay,  that  when 
expofed  to  the  air,  it  becomes  fgmcwhatinoi ft,  and  that 
it  may  Lc  difl:ii:;:uifiicd  by  ih's  piopcrty  from  ful|^liare  of 
fn.la  wiilcli  cTl!.';.  !.:os.  Bcrriiian  aiiain  informs  Uv^, 
tl-at  wii  :i  I./;  ,r  .fun  1  !^  'ii  z  is  expofed  to  the  atmo- 
fphcu  in  a  ('ry  ftdt*.'.  it  immciiiatcly  lofes  its  tranfpa- 
rcnc ',  and  is  ui  »<-5';,ih  rcducet-  to  a  white  powder  :  he 
acJ:,  tliat  t!io  mijiitf:  n  fulphate  in  finall  ucluIcs, 
which  is  C'^niujn''  f  jM  in  the  Ihops,  owes  its  moiil 
ddiqucfcenl  npj'^  r  i.."c  to  the  ircv,i'.*-iian  muriate  which 
it  ccntaiiio.  M.  lialini,  a  ciiizcn  of  Geneva,  to  whom 
we  are  invlcl^lcd  f^T  a  number  cf  valuable  experiments 
en  ma^'r.^ifia,  mentions  \\\i  having  found  fulphate  of 

fotla. 
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foJa,  or  Glauber  fait,  in  Eaglifli  Epfom  fait :  and  to 
this  the  efilorcfccnce  mny  be  attributed.  But  pure  ful- 
piiite  of  magnefia,  though  it  lofe  its  tranfparency  in  the 
air,  is  far  from  being  fo  liable  to  efflorefcence  as  fuU 
phate  of  foda,  which  at  the  end  of  a  certain  time  is  en- 
tirely reduced  to  a  powder. 

Sulphate  of  magnefia  diffolves  in  water  fo  readily, 
that  rather  lefs  than  two  parts  of  cold  water  are  fuffi* 
cient  to  maintain  one  part  of  this  fait  in  foluticn  ;  and 

0  * 

iirarm  water  dilToIves  a  quantity  of  it  equal  nearly  to 
twice  irs  own  weight*.  It  cryftallizes  by  cooling; 
but  in  order  to  obtain  it  in  very  regular  cryftals,  we 
leave  the  folution  to  cryflallize  when  colJ  by  fpontane- 
ous  evaporation.  This  fait  fuffers  no  alteration  from 
cither  filiceous  or  aluminous  earth. 

Bafytcs  decompofes  it,  having  a  greater  affinity  than 
magnefia  with  the  fulphuiic  acid. 

Lime,  for  the  fame  reafon,  decompofes  it.  If  a  little 
falphate  of  magnefia  be  poured*  into  lime-water,  or  a 
certain  quantity  of  lime-water  be  poured  into  a  folu- 
tion of  this  fait,  a  precipitate  is  produced,  confiiling 

m 

of  magnefia  and  calcareous  fulphate^  Recourfe  may 
be  had  at  any  time  to  the  precipitation,  as  a  fure  crite- 
rion to  enable  us  to  didinguifli  magnefian  fulphate  from 
fulphate  of  foda. 

The  pure  fixed,  alkalis  likewife  decompofe  fulphate 
of  magnefia.  Caudic  ammoniac  has  the  fame  influence 
on  this  fait ;  and  as  it  does  not  decompofe  calcareous 
fulphate,  we  learn  from  thefe  facts,  that  it  has  a  (Irong- 
er  affinity  with  the  fulphuric  acid  than  magnefia,  and  a 

weaker 

•  M.  ChjpiaJ  UjSf  diat  at  tlis  temperature  of  6o^  Fahrenheit 
Vatcr  diiToIves  a  quantity  of  majncfia  equal  to  itfslf  in  weight.  H. 
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weaker  than  lime.  Thus  we  gain  a  certain  criterion 
by  which  we  may  diftinguifh  when  magnefian  fulpbate 
exifts  in  water.  ,  In  this  manner,  by  the  ufe  of  cauftic 
ammoniac,  pure  magnefia,  of  which  we  gave  the  hiftory 
in  entering  on  the  confideration  of  faline  matters,  may 
be  obtained.  Tet  Bergman  has  obferved,  that  ammo- 
niac  does  not  effe£t  an  entire  precipitation  of  the  mag- 
nefia  of  Epfom  fait ;  part  ftill  remains  unaltered.  The 
liquor  in  which  the  two  fubflances  are  mixed,  main- 
tains both  ammoniacal  and  magnefian  fulphate  in  folu- 
tion  at  the  fame  time.  Chemifts  have  aflerted  that 
thefe  two  falts  join  to  form  a  third,  confifting  of  an 
acid  and  the  two  bafes.  But  to  prevent  miftakes,  we 
muil  obferve,  that  though  thefe  falts  be  found  together 
in  the  fame  water,  yet  the  one  confifts  of  ammoniac  in 
combination  with  the  fulphuric  acid,  while  the  other  is 
a  combination  of  magnefia  with  the  fame  acid,.  Each 
poflelTes  a  diftind  portion  of  the  acid ;  both  the  bafes 
are  by  no  means  in  union  with  the  fame  portion  of  the 
^acid ;  yet  thofe  two  fulphates  have  a  pretty  ftrong  mu- 
tual affinity ;  they  cryftallize  together,  and  thus  pro- 
duce what  may  be  called  a  trifle  fait ^  or  ammoniacO'inag* 
nejian  fulphate. 

We  knew  not  well  in  what  manner  magnefian  ful- 
phate afieds  thofe  neutral  falts  which  have  for  their 
bafe  a  fixed  alkali  or  ammoniac :  probably  it  would 
decompofe  the  nitric  and  the  muriatic  j^ts  with  thpfe 
bafes  by  a  double  affinity. 

M.  Quatremere  Dijonval  affisrts,  in  a  letter  to  M.  de 
Morveau,  (jfournal  de  Phyfiquej  May  1780,  vol.  ^vii. 
page  39i.)>  that  when  a  folution  of  fulphate  of  magne- 
fia is  brought  into  contad  with  a  folution  of  ammo- 
niacal 
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niacal  fulphate^  the  former  fait  is  entirely  precipitated 
withoot  being  decompofed :  it  falls  to  the  bottom  of 
the  glafs  in  large  cryftals,  the  tafte  of  which  indicates 
their  nature.  He  afcribes  this  effed  to  the  property 
which  ammoniacal  fulphate  poflefles,  of  attracting  wa- 
ter from  fulphate  of  magnefia,  which  he  believes  to 
cryftallize  very  readily.  But  this  is  a  miftake ;  for  the 
fait  cryftallized  on  this  occafion  is  a  real  triple  fait,  or 
ammoniaco-magnefian  fulphate,  as  I  know  from  une^ 
quivocal  experiments. 

The  carbonic  falts  and  magntlian  fulphate  mutually 
decompofe  each  other.  When  a  folution  of  carbonate  of 
potaih  or  foda  is  poured  into  a  foludon  of  magnefian 
fulphate,  a  double  decompofition  and  a  double  combi- 
nation take  place.  The  fulphuric  acid  of  Epfom  fait 
combines  with  the  fixed  alkali,  and  the  carbonic  acid 
feparated  from  the  alkali  unites  with  the  magnefia,  to 
form  the  neutral  fait  known  by  the  name  of  mild  or 
(ffervefcent  magnejiaj  and  which  we  call  carbonate  of 
magnefia.  The  mild  magnefia,  ufed  in  medicine  as  an 
excellent  purgative,  is  prepared  in  this  manner.  We 
fhall  give  a  minute  defcription  of  the  procefs  at  the  end 
of  this  chapter. 

According  to  M.  Dijonval,  when  a  folution  of  ful- 
phate of  lime  is  mixed  with  a  folution  of  fulphate  of 
magnefia,  the  latter  fait  is  precipitated :  but  the  quan- 
tity of  calcareous  fulphate  that  can  be  maintained  in  folu- 
tion is  fo  fmall,  that  this  phaenomenon  is  fcarcely  difcer* 
nible.  Calcareous  nitrate  and  calcareous  muriate  like- 
wi£(  decompofe  fulphate  of  magnefia,  and  are  decom- 
pofed by  it  in  their  turn :  but  we  cannot  think  this  faS 
warrants  the  conclufion  which  M.  Dijonval  deduces 

from 
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from  It,  namely,  that  the  nitric  and  the  muriatic  acids 
have  a  greater  affinity  than  the  fulphuric  acid  with 
magnefia;  fcr  it  is  evident  that  double  eleftive  attrac- 
tion afts  in  thefe  inflances. 

-  Bergman  fays,  that  a  quintal  of  fulohate  of  magne- 
fia in  cryflals  contains  nineteen  parts  of  pure  magne- 
fia, thirty-three  of  fulphuric  acid,  and  forty-eight  of 
water.  * 

Sulphate  of  ma'^ntTia,  or  Epfom  fait,  is  of  confider- 
able  ufe  in  medicine.  It  is  a  good  purgative,  and  afts 
at  the  fame  time  as  a  difciiffive.  It  is  even  preferred  to 
other  purgative  fahs,  on  account  of  its  extreme  folu- 
bility.  It  is  either  given  by  ilfelf,  diffolved  in  wa- 
ter,  in  dofcs  of  from  one  to  two  ounces  ;  or  a  dram  or 
two  of  it  adminiilcred  along  with  fome  other  medi- 
cine. Mofl:  waters  that  are  naturally  purgative  derive 
their  mineral  qualities  from  it,  more  tfpeci^llv  thofe  of 
Egra,  Sedlitz,  and  Scydfcutz  :  but  they  hkcwife  con- 
tain muriate  of  magnefia. 

Species  II.     Magnejian  Nitrate. 

Magnesian  nitrate,  which  chemifls  have  hitherto 
called  nitr 2  of  Tnagnef.a J  or  7iit rated  magncjia^  has  been 

examined 

*  M.  Ci'fi/»/5/ relates,  that  the  magnc fmn  fulrhate  prepared  in 
the  French  fait- works  is  fold  at  from  30  10  40  livrcs  a  quintal ; 
and  contains,  in  the  pound  weight,  tV  ^^  ^^^  fulphate  of  foda,  tt 
of  muriate  of  magnefia,  xV  niuriate  of  foda,  xg-  pure  fulphate  of 
magnefia,  and  -ry  of  filts  with  a  bafe  of  lime. 

He  likewife  informs  us,  that  maji^nefian  fulphate  cxi (Is  in  aU  the 
waters  in  the  neighbourlood  of  MontpeUier ;  that  it  is  fomctimcs 
found  cfilorefccnt  upon  Schifli  ;  that  he  had  found  it  on  a  mountain 
in  Rovergue,  in  a  quantity  fnfficient  to  deferve  colleflion;  and  thsit 
birds  of  paifage  deTOur  it  greedily.    H. 
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examined  by  Eerirman.  That  illuilricus  chcmid  fays, 
an  a^tificia^  fciuiion  of  this  ult  jjives,  after  a  proper 
evaporation,  prifmatic,  qua  Jrangular,  and  I^athofc  c-ry- 
ftals,  without  pyraniiu?. 

This  fait  has  an  acrid  a':.!  very  bitter  tafle;  heat  de- 
compofes  it ;  and  it  iiubi:  cs  n:oiilure  in  the  air.  It 
cllTolves  very  readily  in  v/arcr  ;  a  flow  evaporation  is 
requifite  to  make  it  cryilallize  ;  and  we  are  even  fo 
iriipeiLctly  acquniiUcd  with  the  laws  of  its  cryftalliza- 
tion,  that  we  cannot  make  it  aflume  a  regular  form  at 
pleafure,  like  many  of  the  other  falts.  Bary tes,  lime, 
and  the  alkalis,  dccompofc  it. 

As  magnefian  nitrate  is  found  diflblved  in  mother- 
water  of  nitre,  M.  de  Morveau  has  propofed  precipi* 
tation  by  lime-water,  as  a  method  of  obtaining  the 
magnefia  in  the  great  way.  This  procefs,  being  fo 
cheap  and  eafy,  tftight  be  employed  with  great  advan- 
tage ;  but  as  the  fame  chemill  has  obferved  that  frefli 
lime  water  precipitates  pure  calcareous  nitrate  when 
magnefian  nitrate  is  diflblved  in  too  fcanty  a  proportion 
of  this  water ;  the  inagnefia  obtained  by  this  procefs 
would  not  pofu'fs  the  degree  of  purity  requifite  to  ren- 
der it  an  uicful  medicine,  unlefs  the  mother- water  v/erc 
diluted  in  a  large  quantity  of  common  water. 

The  fulphuric  and  the  iiuoric  acids  difengage  the  a- 
cid  froiH  nitrate  of  magnefia.  The  boracic  acid  like- 
wife  feparates  it  with  the  help  of  heat,  in  conf-quenceof 
its  fixity.  Thefe  properties  of  this  fait  have  been  point- 
ed out  by  Bergman. 

rl.  Quatremere  Dijonval,  who  has  examined  many 
of  the  combinations  of  magnefia,  has  found  magnefian 
nitrate  to  poficfs  feme  properties  very  different  from 

thofe 
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thofe  afcribed  to  it  by  the  chemifl:  of  Upfal.  tie  tell« 
us,  that  he  obtained  cryftals  of  magnefian  nitrate,  not 
liable  to  deliquium  ;  and  adds,  that  magnefian  falts 
are  not  lefs  difpofed  to  cryftallize  and  efflotefce  than 
calcareous  falts  to  attrad  moifture.  * 

Nitrate  of  magnefia  appears  to  be  capable  of  decom- 
poling  fulphate  of  potafh,  foda,  of  ammoniac,  by  double 
affinity.  But  thefe  decompofitions  are  not  fo  obferva- 
ble  when  folutions  of  the  falts  are  mixed  together,  as 
the  decompofitions  effe£bed  by  calcareous  nitrate ;  be> 
caufe  the  nitrates  of  potafh,  foda,  or  ammoniac,  as  well 
as  the  fulphate  of  ^magnefia,  confeouently  produced, 
are  all  very  foluble  in  water ;  whereas  the  fulphate  of 
lime  produced  by  the  decompofition  of  fulphate  of 
potafh,  foda,  or  ammoniac,  by  calcareous  nitrate,  gives 
a  very  copious  'precipitate.  By  evaporating  the  liquors, 
however,  we  can  make  ourfelves  ceHain  of  the  effects 
produced  by  magnefian  nitrate  on  the  above  mention** 
ed  falts.  Nitrates  are  found  to  be  formed  by  the 
union  of  the  alkalis  with  the  nitric  acid  ;  and  fulphate 
of  magnefia  by  the  combination  of  fulphuric  acid 
from  the  decompofed  falts  with  the  bafe  of  magnefian 
nitrate. 

M.  Dijonval  mentions  a  faft  which  well  deferves  the 

attention  of  chcmifls.     It  is  the  precipitation  of  mag* 

ncfian  nitrate  by  calcareous  nitrate.     When  pure  tran- 

fparent  folutions  of  thefe  two  falts,  fays  he,  are  mixed 

together,  the  magnefian  nitrate  is  immediately  depo« 

iited  on  the  bottom  of  the  veflel  in  a  cryflalline  form, 

and 

^  M.  Chaptal  relates,  that  he  himfelf  had  accidentally  found  in 
mother-water  of  nitre,  concentrated  to  the  45°  of  the  areometer,  a 
non-deliquefcent  cry ftal  of  magnefian  nitrate ;  prifmatic  '^irith  four 
fides,  very  much  flattened,  very  thick,  and  very  fhort.    H. 
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and  not  at  all  altered ;  but  the  calcareous  nitrate  re- 
mains diflblved  in  the  liquor.     It  is  very  fingular,  that 
of  two  falts  which  remain*  diflblved,  if  tlyy  be  kept 
ieparate,  one  is  inftantly  precipitated  in  cryftals  when 
they  are  brought  into  contad  with  each  other.    M. 
Dijonval  thinks,  as  we  have  mentioned  above,  that 
this  depends  on  the  ftrong  tendency  of  calcareous  ni- 
trate to  combine  with  water*    This  fait  being,  in  his 
opinion,  capable  of  abforbing  a  greater  quantity  of  wa« 
ter  than  what  is  neceflary  to  maintain  it  in  folution : 
when  mixed  with  a  folution  of  magnefian  nitrate, 
which  has  an  equal  tendency  to  cryftallization  ;  it  rob$ 
this  laft  fait  even  of  the  water  of  its  cryftals ;  and  the 
m-agnefian  nitrate  then  acquiring  greater  fpecific  gra- 
vity, is  precipitated  in  a  cryftalline  form.     There  are, 
however,  feveral  di^^ulties  not  folved  by  this  expla- 
nation.   How  ca#^any  fait,  however  great  its  ten- 
dency to  folution,  abforb  the  water  belonging  to  the 
cryftals  of  another  fait,  when  it  is  itfelf  already  com- 
bined with  a  quantity  of  that  liquid  fufEcient  to  main- 
tain it  in  folution  I  If  it  be  anfwered,.  that  it  is  not  fa- 
turated  with  water,  there  muft  then  be  a  certain  point 
of  faturation,  at  which  calcareous  nitrate  would  ceafe 
to  precipitate  magnefi^n  nitrate ;  and  this  fliould  furely 
have  been  ihown.    But  though  this  were  granted,  how 
could  calcareous  nitrate  deprive  magnefian  nitrate  of 
the  water  of  its  cryftals,  and  yet  fuffcr  it  to  be  precipi- 
tated in  a  cryftalline  form  ?  Laftly,  How  is  it  poflible 
that  magnefian  nitrate,  af*^^  lofmg  its  water  of  cryftal- 
lization, can  be  inftantaneoufly  precipitated   in  cry- 
ftals ?  We  are  thus  induced  to  think  that  fome  parti- 
culars  muft  have  efcaped  M.  Dijonval's  obfervation; 

and 
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and  that  the  true  caufe  of  this  phenomenon  is  not 
likely  to  be  difcovered  till  fuch  time  as  the  experiment 
Ihall  have  ^en  again  and  again  repeated  with  various 
quantities  of  water,  and  of  the  falts,  as  well  as  in  various 
temperatures,  &c. 

Ma^^nefian  nitrate  is  not  applied  to  any  ufe  either  In 
the  arts  or  in  medicine.  Its  ftrong  tafte,  its  tendency 
to  deliquiate,  and  indeed  all  its  properties,  lead  U5  to 
think,  that  it  would  aft  powerfully  on  the  animal  ccco- 
nomy  ;  and  it  is  much  to  be  wifaed  that  it  were  tried 
as  a  diflblvent  and  incifive  in  all  cafes  in  which  medi- 
cines of  this  nature  are  requifite. 


Species  III.     Magnefian  Muriate. 

This  falt^  which  is  a  faturated  combination  of  the 
muriatic  acid  with  magnefia,  exifts  in  all  ffilt  waters, 
and  in  all  waters  containing  magnefian  fulphate  in  a 
flateof  folution  ;  fuch  as  thofe  of  Epfom,  Egra,  Sedlitz, 
and  Seydfchuiz,  cs  well  as  many  others.  It  is  much 
more  common  than  it  was  once  thought  to  be. 

Magnefian  muriate  has  a  very  bitter  and  hot  tafte* 
Bergman  fays,  that  the  only  way  of  obtaining  it  in  cry- 
ftals  is  by  cxpofing  a  folution  of  it,  highly  concentrated 
by  evaporation,  to  a  fudden  and  extreme  cold.  It  is 
then  obtained  in  the  form  of  fmall  needles,  having  a 
ftrong  tendency  to  dtliqulate.  The  folution  is  com- 
monly a  tranfparent  j«:lly :  Tj\xt  M.  Dijonval  fays,  that 
he  obtained  this  fait  in  a  regular  permanent  form  ;  and 
thar  it  has  a  tendency  rather  to  eftlorefce  than  to  deli* 
quiate* 
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Magaefian  moriate  is  decompofed  and  deprived  of 
its  acid  by  the  adion  of  fire.  It  is  very  difficult  to 
drive  off  the  lad  remains  of  the  acid :  after  this  opera* 
tion  the  magnefia  remains  cauftic. 

When  this  fait  is  expofed  to  the  air,  it  appears  to  at- 
(rad  moifture  eagerly,  and  is  foon  diffolved  into  a  li« 
quid.  Bergman  and  feveral  other  chemifts  have  taken 
notice  of  its  pofTtfling  this  property.  M.  Dijonval^ 
however,  fays,  that  magnefian  muriate,  like  mag- 
nefian  nitrate,  rather  efflorefces  than  attracts  moi« 
ilure.  But  this  aflertion  needs  farther  confirmation  by 
experiment. 

Magnefian  muriate  diflblves  very  readily  in  water  ; 
it  even  appears,  that  a  portion  of  the  fluid  equal  to  it« 
AJf  in  weight  is  fufficient  to  maintain  any  quantity  of 
this  lalt  in  fblution.  It  is  very  difficult  to  obtain  this 
lalt  in  regular  cryftals.  Evaporation  by  heat  fucceeds 
very  ill ;  for  it  concentrates  the  liquor  too  much  i 
which,  when  cooled,  afiumes  almoft  always  the  coo- 
iiftency  of  a  jelly.  Spontaneous  evaporation  in  a  fum« 
mer  temperature  is  more  likely  to  cryftailize  this 
fait :  but  even  this  method  is  attended  with  great  dif- 
ficulties* 

Muriate  of  magnefia,  heated  in  a  retort  with  fili- 
ce  and  lumine  gives  out  its  acid ;  but  as  the  action 
of  fire  alone  is  fufficient  to  produce  this  efiecl,  it  is  not 
to  be  attributed  to  the  earths. 

Barytes  and  lime  decompofe  this  fait  by  precipitating 
the  magnefia.  As  the  mother-waters  of  muriate  of 
foda  in  fait  fprings  contain  muriate  of  magn«fia  mixed 
with  calcareous  muriate,  the  magnefia  which  thefe  falts 
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contain  may  be  precipitated  in  the  great  way,  and  at  a 
ftnall  expence,  by  means  of  lime-water. 

The  fix^  alkalis  and  cauftic  ammoniac  have  a  great- 
er afEnity  than  magnefia  with  the  muriatic  acid,  and 
caufe  the  bafe  of  magnefian  muriate  to  precipitate. 
The  muriate  of  potafh,  foda,  or  ammoniac,  according 
as  the  one  or  the  other  of  thefe  falts  has  been  employ- 
ed, remains  diffblved  in  the  liquor.  Ammoniac  does 
not  entirely  decompofe  this  fait,  but  forms  a  triple 
cryftaUizable  muriatic  fait  with  the  remaining  portion 
of  it. 

The  fulphuric  and  the  nitric  acids  decompofe  this 
lalt,  feparating  the  muriatic  acid  with  effervefcence» 
In  order  to  effeft  thefe  decompofitrons,  a  mixture,  con- 
fiding of  one  part  of  either  of  thtfe  acids  and  two  parts 
of  muriate  of  magnefia,  is  to  be  difiilled  in  a  glafs  re- 
tort. The  acid  belonging  to  the  magnefian  muriate  is 
volatilized,  while  the  other  acids  being  ftronger,  com- 
bine with  the  magnefia  to  form  magnefian  fulphate  or 
nitrate.  The  boracic  acid  likewife  difengages  the  mu- 
riatic acid  with  the  help  of  heat. 

Magnefian  muriate  decompofes  fulphm-ic  and  nitric 
falts,  %v'ith  a  bafe  of  fixed  alkali  or  ammoniac,  by  the 
way  of  double  affinity.  But  in  order  to  render  thefe 
decompofitions  apparent,  the  folutions  of  the  falts  muft 
firfl  be  poured  upon  a  folution  of  magnefian  muriate, 
and  then  evaporated,  or  mixed  with  fpirit  of  wine  ;  for 
the  new  faline  matters  formed  by  the  decompofition 
remain  diffolved  in  the  water  after  it  is  effeded. 

When  muriate  of  magnefia  is  brought  into  conta£t 
with  muriate  of  potafh,  and  both  are  in  a  flate  of  fo- 
lution, the  former  fait  is  precipitated  in  cryflals,  ac- 
cording 
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tording  to  M.  Dijonyal,  in  confequence  of  its  hiving 
a  much  greater  tendency  to  cryftalli^ation  than  the 
other ;  which  takes  pofleflion  of  the  water  by  which  it 
was  maintained  in  folution.  But  it  is  diflicult  to  con- 
ceive how  any  fait  which  has  fo  fmall  a  tendency  as 
muriate  of  potafli  to  diifolve  or  deliquiate,  can  rob  ano« 
ther  lalt,  fo  foluble  as  magnefian  muriate,  of  the  water 
by  which  it  was  diffolved.  The  fame  chemift  informs 
us,  that  when  a  foludon  of  magnefian  muriate  is  mixed 
with  a  folution  of  calcareous  muriate,  the  former  fait 
is  precipitated  in  cryftals.  But  farther  experiments 
are  neceflary  to  give  thefe  aflertions  fuch  authority  as 
may  intitle  them  to  rank  among  the  elements  of  the 
chemical  fdence.  Very  likely,  the  cryftals  precipita* 
ted  are  not  pure,  but  to  be  referred  to  the  clafs  of  triple 
falts. 

Magnefian  muriate  is  not  applied  to  any  ufe :  but, 
in  my  oj>inion,  it  might  be  very  happily  ufed  in  medi- 
cine as  a  purgative  and  diftblvent.  Phyficians  always 
adminifter  fmall  qoanlities  of  it  when  they  prefcribe 
Epfora  or  Sedlirz  waters,  or  grey  marine  fait ;  for  thefe 
fubftances  (till  contain  more  or  lels  of  it. 


Species  IV.     Magnefian  Borate. 

This  name  is  given  to  the  combination  of  the  bora* 

cic  acid  with  magnefia*     This  fait  is  fcarce  known. 

Bergman  has  obferved,  that  when  a  portion  of  magne- 

fiais  caft  into  a  folution  of  the  boracic  acid,  it  is  flowly 

diffolved.    This  liquor,  when  evaporated,  affords  gra^ 

nulated  cryftals  of  an  irregular  form. 
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Fire  melts,  but  does  not  decompofe  this  fait.  The 
acids  decompofe  it  by  attra^ng  the  magnefia,  aad  fe- 
parating  the  boracic  acid.  Spirit  of  wine  likewife  car- 
ries off  the  acid,  leaving  the  magnefia  by  itfelf.  It 
appears  therefore  that  magnefia  does  not  adhere  very 
clofely  to  the  acid  of  borax. 

We  muft  therefore  confefs  ourfelves  to  be  very  little 
acquainted  with  the  properties  of  this  fait,  as  chemifts 
have  made  but  very  few  experiments  upon  it. 


Species  V.     Magnejian  Fluate. 

Magnesia  in  combination  with  the  fluoric  acid  re- 
ceives the  name  of  magnejian  fiuate^  and  is  not  better 
known  than  magnefian  borate.  Bergman  is  the  only 
chemift  who  has  faid  any  thing  of  it.  According  to  him^ 
the  fluoric  acid  diffolves  magnefia  very  quickly }  and 
when  the  acid  is  nearly  faturated,  a  great  part  of  the 
new-formed  fait  is  precipitated. 

The  folution  affords,  by  fpontaneous  evaporation,  a 
kind  of  tranfparent  froth  which  hangs  at  the  fides  of 
the  veffel,  confifting  partly  of  long  and  very  fine  cry- 
ftalline  threads.  There  are  at  the  fame  time  obtained, 
in  the  bottom  of  the  veffel,  fpathofe  cryftals  in  hexa- 
gonal prifms,  terminating  in  a  fhort  pyramid  confifling 
of  three  rhombs.  This  fait  is  liable  to  no  alteration 
from  even  the  extreme  violence  of  fire.  No  acid  has 
ilrength  to  decompofe  it  in  the  humid  way.  This  neu- 
tral fluoric  fait,  to  which  Bergman  has  attributed  fuch 
extraordinary  properties,  is  well  worthy  of  a  more  par- 
ticular examination 
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Species  VL     Maptejian  Carbonate. 

This  lair,  to  which  Dr  Black,  the  firft  difcoverer  of 
ity  has  given  the  name  of  mild  §r  effervefcing  magnefia^ 
is  formed,  as  the  name  we  have  given  it  indicates,  by  a 
laturated  combination  of  magnefia  with  the  carbonic 
acid.  It  is  commonly  prepared  by  precipitating  a  fo« 
hitiMi  of  magnefian  fulphate  with  carbonate  of  potaih 
or  fcKla,  in  a  way  which  we  ihall  defcribe  at  the  end  of 
this  article. 

Magnefian  carbonate  has  moft  generally  an  earthy 
appearance :  it  is  in  the  form  of  a  very  white  powder. 
Tet  Bergman  and  M.  Butini  of  Geneva  obtained  it  in; 
cryftals  by  a  procefs  which  we  are  hereafter  to  de- 
fcribe.    Like  all  other  carbonic  faks,  it  may.contaia 
either  a  greater  of  a  lefs  proportion  of  the  acid  ;  and 
its  properties  vary  according  to  the  proportion  in  which 
the   acid  exifts  in  it.     Its  talle  is  crude  and  earthy. 
Bat  it  affech  the  inteftines  in  a  more  fenfible  manner  ; 
for  it  is  purgative. 

This  fait,  when  expofed  to  fire  in  a  crucible,  lofe^ 
both  the  water  and  the  acid  which  it  contains.     M* 
Tingry,  apothecary  at  Geneva,  has  obferved,  that  whea 
cffervefcing  magnefia  is  calcined  in  the  great  way,  it 
bubbles,  and  exhibits  on  its  furface  the  motion  of  a 
Buid.    This  phenomenon  is  owing  to  the  difengagc- 
ment  of  the  acid  gas.     There  arifes  out  of  the  crucible 
a  ihm  vapour,  which  depdfites  on  contiguous  bodies  a. 
^Htc  duft  that  is  readily  known  to  be  magnefia  car- 
ried off  by  the  current  of  the  carbonic  acid.     If  a 
^ann  body  be  immcrfed  in  the  cruciWc,  the  fait  ad- 
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heres  to  it ;  a  cold  body  attrafts  ft  ill  more.  Towards 
the  end  of  the  operation,  the  magncfia  difplays  a  bluifc 
phofphoric  light,  which  in  the  dark  is  very  difcern- 
ible. 

By  calcining  carbonate  of  magnefia  in  clofe  veffcls, 
nvith  a  pneumato-chemical  apparatus,  we  obtain  the  wa- 
ter and  the  acid  of  the  fait.  M.  Butini,  who  perform- 
ed this  operation  in  a  very  exaft  manner,  informs  us, 
from  a  calculation  founded  on  the  produfts  which  he 
obtained,  that  thirty-two  grains  of  common  magnefia 
(what  he  calls  common  magnefia  is  a  kind  of  magnefian 
carbonate  prepared  for  pharmaceutical  purpofes,  and 
not  completely  faturated  with  the  acid)  confift  of  about 
thirteen  grains  of  pure  earth,  twelve  of  the  acid,  aod 
feven  of  water.  Bergman  reckons  a  quintal  of  this 
fait  to  contain  twenty-five  or  thirty  parts  of  the  acid, 
according  to  its  particular  ftate,  thirty  qf  water,  and 
forty. five  of  pure  magnefia.  If  expofed  to  a  more  in- 
tenfe  heat,  after  lofing  its  acid,  it  is  agglutinated  and 
becomes  hard,  like  pure  or  cauftic  magnefia. 

Magnefian  carbonate  fuffers  no  very  remarkable  al- 
teration  from  air ;  yet,  when  expofed  to  a  damp  at- 
Hiofphere,  it  aflumes  the  form  of  little  clods,  apd  ap- 
pears to  deliquiate  in  fome  degree. 

Water  difTolves  but  a  very  fmall  proportion  of  this 
fait ;  and  its  folubility  in  water  varies,  according  as  it 
contains  more  or  lefs  of  the  acid.  When  a  quantity 
of  the  fait  is  mixed  with  a  fmall  portion  of  water,  it 
compofes  a  kind  of  pafte  ;  which,  however,  is  not  very 
tenacious,  and  dries  up  without  acquiring  confiftency, 
or  (hrinking  into  a  fmaller  bulk.  If  diluted  in  a  very 
]^^Z^  proportion  of  water,  magnefian  carbonate  diflblves 
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gradually^  at  the  rate  of  a  quarter  of  a  grain  of  the  fak 
to  an  ounce  of  the  fluid  ;  as  appears  when  the  liquor 
is  evaporated.  But  there  are  ways  of  making  this  fait 
diflblve  in  a  much  larger  proportion ;  which  we  fhall 
immediately  mention. 

Pure  earths  do  not  decompofe  carbonate  of  magnefia. 
lime  robs  it  of  its  acid.  Lime  water  poured  into  a 
foltttioa  of  this  fait,  occafions  an  obfervable  precipita- 
tion, however  fmall  the  quantity  of  the  neutral  fait 
diifolved  in  the  water.  The  precipitate  confills  of  car- 
bonate of  lime,  and  a  little  cau{lic  magnefia^  which  is 
known  to  be  almoft  infoluble. 

The  fixed  alkalis  and  cauftic  ammcMiiac  likewife  de- 
compofe this  lalt  i  for  they,  as  well  as  lime,  have  a 
greater  affinity  than  magnefia  with  the  carbonic  acid* 
The  refults  of  thefe  mixtures  are  carbonate  of  potaih, 
ibda,  or  ammoniac,  and  pure  cauftic  magnefia, — which 
is  precipitated. 

The  fulphuric,  the  nitric,  and  the  muriatic  acids^ 
decompofe  magnefian  carbonate  in  a  diredly  contrary 
way.  They  unite  with  the  magnefia,  with  which 
they  have  a  ftronger  affinity  than  the  carbonic  acid  ; 
and  they  occafion  an  eflervefcence  by  difengaging 
that  acid  under  a  gdzeous  form.  The  carbonic  acid 
which  efcapes  on  the  occafion  is  diilinguiihed  by  its  u- 
fual  charafteriftics.  M.  Butini  obferved,  in  his  experi- 
ments, that  it  was^  rather  the  fire  than  the  acids  which 
difeng^ed  the  carbonic  acid ;  and  that  each  of  thofe 
faks  fefiarated  a  different  quantity.  Thus,  for  in- 
(lance,  he  found  the  muriatic  acid  to  difengage  more 
than  the  nitric,  and  the  nitric  more  than  the  carbonic. 
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From  thefe  fa^ts  he  concluded,  that  neutral  falts,  coa- 
fiding  of  magnefia  in  combination  with  an  acid,  name* 
ly  i'ulphate  and  nitrate  of  magnefia,  ftill  retain  a  por- 
tion of  the  carbonic  acid. 

The  carbonic  acid  poffcffes  the  property  of  render- 
ing carbonate  of  magnefia  much  more  folnble  than  the 
pure  falino- terrene  matter.  M.  Butini's  late  experi- 
ments have  been  chiefly  direded  to  determine  the 
phaEHomena  of  this  folutioji.  He  has  difcovered,  that 
when  any  quantity  of  common  magnefia,  npt  faturated 
with  the  carbonic  acid,  is  thrown  into  water  in  a  ga- 
zeous  ft^ite,  or  impregnated  with  the  acid,  the  magne* 
iia  immediately  abforbs  as  much  acid  from  the  wa- 
ter as  is  requifite  to  (aturate  it,  and  eren  does  not  dif- 
folve  till  it  be  fuper-faturated.  This  folution  commu- 
nicates a  green  tincture  to  fyrup  of  violets.  When 
expofed  to  cold,  it  lofes  its  excefs  of  aeid ;  but  the 
magnefia  is  not  fepar^ted  from  the  water,  even  though 
it  be  frozen  into  ice.  When  a  folution  of  magnefia, 
fuper-faturated  with  carbonic  acid,  is  expofed  to  hear, 
it  lofes  its  tranfparency,  but  regains  it  when  fufTered 
to  cool.  This  Angular  phaenomenon  offers  to  our  ob- 
fervation,  as  M.  Butini  has  very  well  obferved,  a  new 
kind  of  falts,  to  which  it  is  peculiar,  to  difiblve  in  a 
larger  proportion  in  cold  than  in  hot  water.  The 
more  magnefia  any  gafeous  folution  contains,  the  foon- 
er  does  it  Ipfe  its  tranfparency  by  heat.  In  order  to 
have  a  proper  opportunily'of  obferving  how  this  felf, 
from  muddy,  becomes  tranfparent  as  it  cook,  the 
above  mentioned  chemift  dir^&s  us  to  take  a  iblutioB, 
containing  two  grains  of  magnefia  to  an  ounce  of  wa* 
ttt^  and  to  heat  it  168''  52^*  of  Fahrenheit's  thermome- 
ter- 


tcr.  Heat  gires  it  a  milky  con6ftency;  but  all  the 
magoefia  now  precipitated  is  again  diflblved  by  coId« 

Bergman  bad  before  obferved^  that  when  a  folu- 
don  of  magnefia  impregnated  with  carbonic  acid  was 
flowly  eraporated,  it  afforded  cryftals,  fome  of  which 
were  in  tranfparent  grains,  others  refembled  two  pen- 
cils of  rays  diverging  from  one  point.  M.  Butini  has 
obferved  all  the  phenomena  of  that  cryftallization 
with  greater  accuracy.  With  the  heat  of  a  lamp  which 
was  Tcry  faint,  hr  evaporated  a  folution  contaiaing 
nine  grains  of  tins  fait  to  the  ounce  of  water.  A  pel* 
licle  was  (bon  formed  on  the  furface,  the  under  part  of 
which,  as  well  as  the  fides  of  the  vefiel,  were  in  a  man- 
ner fringed  over  with  bunches  of  cryftals.  The  refi- 
dae  exhibited  bright  needles,  confiding  of  fmall  he- 
mifpherical  mafles  with  diverging  threads.  Tbefe 
needles  were  not  a  fine  in  length  ;  but  when  viewed 
vith  a  microfcope,  s^peared  to  be  long  prifms  with 
fix  fides,  truncated  by  an  hexagon,  and  refembling 
certain  fpars.    • 

liL  Butini  has  iikewife  diicovered  another  way  of 
cryftallizisg  magnefiaa  carbonate.  It  confifts  in  ex- 
pofing  to  the  air  a  folution  of  this  fait  precipitated  by 
heat.  At  the  end  of  a  few  days,  this  ibhition  affords 
cryftals  refembling  tfaofie  which  are  obtained  by  eva- 
poration. A^nefia  precipitated  from  Ef^ooi  fait  by 
carbonate  of  potafh,  and  afterwards  dried,  will  not 
cryftalltze  in  this  manner ;  tbough  diluted  in  water,  it 
never  forms  any  other  than  irregular  lamps.  But  a 
folntioa  of  iulphate  of  magnefia,  taken  foon  after  it 
has  been  precipitated  by  the  fame  fait,  gives,  at  the 
end  of  feveral  days,  cryftals  in  the  fhape  of  needles. 

When 
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When  this  folution  is  feparated  by  filtration  from  its 
precipitate,  it  Hkewife  gives  needles  of  magnefia.  I 
have  often  obferved,  that  a  folution  of  carbonate  of 
magnefia,  prepared  for  the  ufe  of  a  laboratory,  and 
kept  in  well  flopped  glafs  phials,  depofites,  after  fonie 
time,  a  large  quantity  of  very  fine  bright  fmall  needles, 
which,  when  viewed  through  a  magnifier,  appear  to  be 
prifms  of  fix  fides. 

Perfed  neutral  falts  fuffer  no  alteration  from  mag- 
xtefian  carbonates,  nor  do  <hey  produce  any  change 
upon  it.  Only,  according  to  M.  Butini,  they  render 
it  more  foluble  ia  water.  But  carbonate  of  potafh 
mud  here  be  esccepted ;  for  it  rather  deflroys  its  folu- 
bility* 

EServqfcent  magnefia  decompofes  calcareous  neutral 
£dt8 ;  and  this  decompofition  is  effeded  by  virtue  of 
a  double  afiinity.  ^  We  have  already  obferved  that  lime 
has  a  greater  affinity  than  magnefia  with  the  adds, 
and  of  confequence  decompofes  neutral  falts,  which 
have  magnefia  for  their  bafe.  It  is  to  the  acid,  there- 
fore, that  tl^e  decompofition  of  calcarequs  falts  by  mag- 
nefian  carbonate  is  owing.  Lime,  on  account  of  the 
firong  affinity  which  it  has  with  the  carbonic  acid, 
fbrfakes  the  other  acids  to  combine  with  it,  provided 
the  acids  which  it  deferts  find  another  bafe  with  which 

« 

they  can  enter  into  combination.  Therefore,  when  a 
folution  of  magnefian  carbonate  is  poured  into  a  folu- 
tion of  calcareous  fulphate,  nitrate,  or  muriate,  the 
fulphuric,  the  nitric,  or  the  muriatic  acid,  forfaking 
the  lime,  combines  with  the  magnefia  to  form  fulphate, 
nitrate,  or  muriate  of  magnefia  i  while  the  lime  com- 
bining 
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bining  M'ith  the  carbonic  acid  feparated  from  the  mag 
nefia  is  precipitated  in  chalk* 

Magnelia  in  this  inltance,  therefore,  refembles  am- 
moniac. When  either  of  thefe  fubftances  is  pure  and 
cauftic,  it  is  incapable  of  decompofihg  calcareous  falts, 
as  having  a  greater  afEnity  than  lime  with  the  adds. 
But  when  united  with  the  carbonic  acid,  and  in  the 
itate  of  neutral  falts,  they  then  acTquire  the  power  of 
decompofing  calcareous  falts  by  double  attraftion ;  as 
has  been  already  (hown  under  the  articles  Sulphate  of 
Lime,  Calcareous  Nitrate,  &c. 

The  fait  of  which  we  are  fpeaking  is  ufed  in  medi« 
cine  under  the  name  of  mild  or  white  magnejia.  It 
was  formerly  prepared  from  mother  water  of  nitre, 
evaporated  to  drynefs,  or  precipitated  by  fixed  alkali. 
It  was  originally  known  by  the  name  of  Count  Palma^s 
powder  J  and  Sentinelli^s  powder;  It  has  fince  been 
called  laxative  poly chreji  fait  by  Valentini^  white  mag'* 
ntfta  of  nitre  J  magnefia  of  common  fait ;  becaufe  it  was 
obtained  from  the  mother  water  of  this  laft  fait.  But 
when  prepared  in  this  manner,  it  always  contains  cal- 
car'eous  earth,  and  various  other  extraneous  matters ; 
And  therefore,  what  is  at  prefent  made  ufe  of,  is  ufual- 
ly  precipitated  from  fulphate  of  magnefia  by  vegetable 
fixed  alkali,  or  carbonate  of  potafh. 

ML  Bucini  gives  an  excellent  procefs  for  obtaining 
it  very  fine  and  in  as  large  a  quantity  as  poffible.  Di- 
lute any  quantity  of  potaih  in  twice  its  weight  of  cold 
water ;  let  this  lixivium,  if  the  feafon  will  allow,  be 
expofed  to  the  air  for  fome  months,  in  order  that  it 
may  abforb  carbonic  acid  from  the  atmofphere,  and  that 
(he  earth  which  it  contains  may  be  precipitated  \  let 

It 


it  then  be  filtrated  \  next  diflblve  a  quantity  of  fulphate 

of  magnefia  equal  to  the  quantity  of  potafh  which  you 

bave  already  di(Iblve4»  hi  water  equal  to  four  or  five 

iioies  itft  weight ;  filtrate  this  folution,  and  add  a  new 

qointky  of  water  equal  to  five  times  the  weight  of  the 

laic*    Let  this  liquor  be  heated  to  ebullition,  and  then 

poured  into  the  fblution  of  vegetable  alkali.     The  pre- 

dpkate  of  magnefia  is  foon  formed,  and  the  mixture 

mud  then  be  well  ftirred,  and  afterwards  filtrated 

ibroagh  paper.      The  precipitate  which   remains   on 

the  paper  ufed  in  the  filtration  mufl  be  waflicd  with 

boiUBg  ^dt^r^  tb  carry  off  the  fuiphate  of  potafh  inter- 

jdixed  with  it.     After  the  water  is  fufEciently  drained 

off^  the  magnefia  mud  be  taken  and  fpread  on  pieces 

dt  p^er  iif  thin  layers,  and  put  into  a  flove  to  4lry. 

WbeA  thoroughly  dried,  it  appears  in  the  form  of 

wfaite  lumps,  whi<^h  crumble  between  the  fingers  into 

a  rery  fiAe  powder  that  flicks  to  the  ikin. 

This  magnefia,  in  combination  with  the  carbonic 
acid,  is  to  be  preferred  as  a  purgative  \  becaufe  it  is 
nlQcb  iltore  foluble.  It  is  given  in  dofes  of  one  or  of 
two  ounces,  as  the  cafe  requires.  But  cauftic  magne- 
fia ag^iiii  is  preferable  to  it  as  an  abforbent ;  and  apo- 
thecaiies  fhould  keep  both  kinds.  The  principal  rea- 
fon  for  preferring  foitietimes  the  one^  fometimes  the 
oebef  of  d>efe,  in  the  practice  of  phyfic,  on  account 
of  which  apothecaries  ought  always  to  keep  both  kinds, 
bae  been  very  well  explaiiled  by  Macquer  in  a  paper 
inferted  among  thofe  of  the  Royal  Society  of  Medicine. 
When  msfgnefia  is  given  as.  an  abft)rbent,  the  defign  of 
it  is  to  deftroy  and  neutralize  an  acid  exifling  in  too 
great  abundance  in  the  primary  pafTages,  as  is  jhe  cafe 
with  children,  young  girls,  lying-in  women,  &c.    This 

gailric 
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gaftric  acid  is  certainly  ftronger  than  the  carbonic 
When  mild  magnefia,  therefore,  enters  the  ftomach,  it 
produces  an  effervefceace,  more  or  Ie£i  liveiy  accord- 
ing as  tl^re  is  more  or  lefs  of  the  acid  to  be  abforbed  in 
the  primary  paflages.  The  carbonic  acid  Jifengaged  by 
this  effervefcence  diftends  the  (lonsacb,  and  frequent- 
ly occafions  pains,  naufea,  vomitings,  a  difficulty  of 
breathing,  with  many  other  fpafmodic  complaints,  ac- 
cording as  the  fenfibility  of  the  parts  is  greater  or  lefs. 
In  fuch  cafes,  therefore,  it  is  much  better  to  make  ufe 
of  pure  magnefia,  which  abforbs  the  four  matter  as 
powerfully,  and  occaQons  no  efiervefcence. 

^ain,  when  magnefia  is  given  as  a  purgative,  and 
not  to  abforb  acid  matter  in  the  primary  pafTages,  mag* 
nefian  carbonate  may  then  be  given.  The  carbonic 
acid  is  not  difengaged  in  this  cafe,  and  the  complaiats 
occafioned  by  this  els^ic  fluid  diftending  the  ftoraacb 
are  not  to  be  feare^J*  Phyficiaas  ought  therefore  to  be 
acquainted  with  thefe  two  kinds  of  magnefia,  and  to 
know  when  the  one  and  when  the  ether  is  to  be  ad» 
miniftered ;  and  apothecaries  ought  always  to  kte^ 
both  in  their  ihops. 

M.  Butmi  mentions  an  artificial  mineral  water,  cchu 
fifting  of  gazeous  water  impregnated  with  magnefia. 
He  obfenres,  that  this  fluid  may  be  made  to  contain 
three  drams  of  this  magnefian  earth  to  the  pound ;  aad 
that,  befides,  it  may  be  as  eafily  prepared  as  acidula- 
ted or  gafeous  martial  waters.  In  fad,  both  are  pre^ 
pared  precifely  in  the  fame  way.  Pbyficians  might 
find  this  water  vde&il  on  m»iy  occafions*  See  my  Ale* 
tnoirs  on  Magne^an  SalU^  in  the  Annah  of  Cbcmiftry^ 
ficond  and  third  volumes.   . 

CHAP* 
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Genus  V.    Argillaceotu  or  Aluminous  Noutral  Salts* 

• 

CLAY,  or  alumine  when  very  pure,  combines 
very  readily  with  moft  of  the  acids.  From 
thefe  combinations  there  refult  neutral  falts,  which  are 
known  by  the  general  name  of  urgillaceotu  or  aluminous 
falts.  Excepting  the  firft  fpecies,  no  part  of  'this  ge- 
iius  of  faline  matters  has  yet  been  examined  with  pro- 
per care  by  chemifts ;  and  their  properties  are  there- 
fore ftill  lefs  known  than  the  properties  of  the  fairs 
belonging  to  the  four  preceding  genera.  Aluminous 
falts  are  in  general  more  imperfed  than  any  of  the 
neutral  falts  which  have  hitherto  engaged  our  atten- 
tion. They  yield  their  acids  to  the  fixed  alkalis,  am- 
moniac, baryte5;,  lime,  and  magnefia.  They  have  a 
four  aftringent  tafte. 

This  genus  includes  fix  fpecies  ; — alum,  or  alumi- 
nous fulphate  ;  aluminous  nitrate ;  aluminous  muriate ; 
aluminous  borate  \  aluminous  fluate ;  and  aluminous 
carbonate. 

Species 
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Species  L     Aluminous  Sulphate  or  AIujk 

Ai.UM  is  a  neutral  fait,  confifting  of  the  fulphuric 
acid  combined  with  alununous  earth  or  pure  clay,  and 
it  merits,  of  confequence,  the  name  of  aluminous  Jid^ 
pbate.  Chemifls  have  not  always  agreed  concerning 
the  nature  of  the  bafe  of  alum.  Some  formerly  dif- 
tinguilhed  it  from  clay,  under  the  name  of  aluminout 
earth  or  earth  of  alum.  Margraaf  has  fliown  that  a 
mixture  of  this  earth  with  filex,  both  in  powder,  forms 
clay.  Hellot,  Geofiroy,  Pott^  and  more  efpecially  M. 
Baume,  have  all  formed  genuine  alum  by  mixing  claj 
urith  the  fulphuric  acid.  Laftly,  if  the  charaderifiic 
properties  of  clay  be  to  form  a  tenacious  pafte  with 
water,  and  to  (brink  and  harden  when  expofed  to  fire  ; 
as  aluminous  earth  difplays  thefe  properties  in  an  emi- 
nent degree,  it  is  therefore  to  be  confidered  as  the  pu* 
rcil  part  of  clay.  Such  is  the  opinion  which  at  prefent 
is  generally  prevalent  among  chemifts  concerning  this 
matter.  This  (hows  ftill  more  (Irongly  the  propriety 
of  diftingui(hing  the  earth  which  ferves  as  the  bafe  of 
alum  by  the  peculiar  name  of  alumine  ;  becaufe  clay, 
however  pure,  always  contains  a  portion  of  filiceous 

earth. 

Aluminous  fulphate,  or  alum,  at  firft  afleds  the  or- 
gans with  a  fweeti(h  tafte,  and  is  afterwards  felt  to  be 
ftrongly  aftringent.  It  makes  blue  paper  red  ;  which 
(hows  it  to  contain  a  portion  of  unfaturated  acid.  It 
is  capable  of  a  very  regular  form,  which  will  be  dc- 

(bribed  below. 

Alum 
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Alum  IS  fcarce  ever  found  in  nature  in  a  pure  infu- 
lated  ftate.  Sometimes,  however,  it  is  found  in  places 
near.vokanoes,  but  always  mixed  with  clay.  Minera- 
logifls,  particularly  Wallerius,  have  taken  notice  of  fe- 
veral  fpecies  of  native  alum  ;  fuch  as  folid  alum,  cry- 
ftaliized  alum,  alum  ^  in  an  efflorefcence,  white,  greys 
browii,  and  black,  aluminaus  earths,  and  aluminous 
fchifti. 

.    In    commerce  there  are    feveral    kinds    of  alum 
knows. 

X*  Ice  or  rock  alum,  in  pretty  large  tranfparent  maf- 
fes.  Bergman  imagines  it  to  derive  this  name  from 
the  city  of  Rocca  in  Syria,  now  called  Edeffa^  in  which 
the  earlieit  manufadory  of  this  fait  was  eftabli&ed ; 
not,  as  fome  writers  would  perfuade  us,  from  its  re- 
fembling  a  rock^  or  from  its  being  obtained  from  rocks; 
This  fpecies  of  is  very  impure. 

%^  Roman  alum,  which  is  prepared  in  the  territory 
of  Civita^Vecchia,  and  obtained  from  a  place  the  Ita- 
lian name  of  which  is  Alununiere  della  Tolfa.  Thk 
alum  is  in  lumps  of  the  fize  of  eggs,  and  covered  over 
with  a  reddifli  efflorefcence.  It  pafles  for  pure  when 
ieparated  from  the  efflorefcence. 

3.  Neapolitan  alum,  which  is  extradted  at  Solfatara 
from  a  particular  earth.  This  alum  h  in  larger  lumps 
than  the  Roman,  and  one  of  its  fyrfaces  is  covered 
over  with  pyramidical  cryftals. 

4.  Alum  of  Smyrna.  The  earlieft  manufadories  of 
alum  appear  to  have  been  eftablifhed  in  the  neighbour* 
hood  of  Smyrna  and  Conftantinople.  Some  fpedmens 
of  it  are  ihown  in  the  cabinets  of  the  curious. 
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j.  French  alum.  Alum  of  all  fizes  is  prepared  by 
Tarious  manufafluters  in  France,  efpecially  at  Javel 
near  Paris. 

6.  Alum  may  be  extracted  from  efflorefceht  fchifti 
and  volcanic  prodnds;  I  have  obtained  it  in  a  pretty 
brge  proportion  from  earth  that  was  brought  me  out  of 
Auvergne.  This  fait  might  be  dbtained  from  other 
fubflances  of  the  fame  kind  that  are  to  be  found  iu 
France ;  and  this  branch  of  trade  might  be  thus  taken 
out  of  the  hands  of  ftrangers.  Alum  is  likewife  ex« 
traded  froiii  earths  and  ftones,  which  are  found  to  con- 
tain it  in  many  parts  of  Germany^  (in  which  it  has 
been  manufadured  fince  the  year  1 544  \  in  Spain,  in 
England,  in  Sweden,  and  in  almoft  all  the  countries  of 
Europci 

3cckman,  in  a  diflerration  oh  the  fubje^,  inferred 
among  the  a£ts  of  Gottingen,  enters  very  fully  into  the 
hiftory  ef  this  fait,  and  the  method  of  manufafturing 
it  It  appears  from  his  learned  refearches^  that  thd 
people  of  the  eaft  were  the  firft  who  prepared  or  ex- 
traded  alum :  for  what  the  ancients,  and  particularly 
Pliny,  called  chiton^  trichitesy  calachite$^  and  which  they 
appear  to  have  confounded  with  alum,  as  well  as  the 
rjr%fi'd  of  the  Greeks,  feems  to  have  been  rather  mar- 
tial  fulphate  or  green  copperas  in  various  ftates.  The 
Italians  tool^a  leafe  of  the  alum  manufadories  in  the 
neighbourhood  of  Conflantinople.  About  the  year 
1459,  Bartholmew  Perdix,  or  Petnix,  difcovered  a 
mine  of  this  fait  in  the  Ifle  of  Ifchia.  Neatly  about 
the  fame  time,  John  de  Caftro  found  another  at  Tolfa^ 
and  a  great  number  of  alum  manufadories  were  fooo 
eftabliihed  in  Italy,  more  efpecially  when  Pope  Pius  II. 
Vol.  II.  Q  ptohibited 
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prohibited  the  importation  of  alum  from  the  caft.  The 
tiianufafture  pafled  next  into  Spain,  Germany,  England, 
and  Sweden,  about  the  beginning  of  the  feventeenih 
century,  C  V.  Beckman). 

Aluminous  fulphate  is  prepared  by  a  variety  of  pro- 
ceffes,  according  to  the  country  where  it  is  manufac- 
tured, and  the  materials  from  which  it  is  obtained. 
B'^rgman,  who  has  written  an  excellent  diflertation  on 
the  fubjeft,  divides  the  matters  ufed  in  preparing  alum, 
and  commonly  known  under  the  name  of  alum  oresy 
into  two  kinds  :  thofe  in  which  this  fait  exifts  fully 
formed,  and  thofe  which  contain  only  its  condituent 
principles.  No  farther  procefs  than  a  lixiviation,  is  re- 
quifite  to  extract  the  alum  from  the  firfl ;  and  of  this 
kind  are  the  earth  from  which  it  is  obtained  at  Solfa« 
terra,  and  that  which  I  have  mentioned  from  Au- 
vergne.  At  Solfaterra  this  earth  is  mixed  with  water, 
and  put  into  caldrons  of  lead,  partly  funk  in  the 
grouhd.  The  natural  heat  of  the  eaHh  contributes  to 
the  folution  and  cryftallization  of  the  alum  ;  and  it  is 
purified  by  a  fecond  cryftallization.  In  the  fame  man- 
ner might  the  earths  of  Auvergne,  &c.  be  lixiviated, 
the  waters  evaporated  in  leaden  veflels,  and  the  alum 
cryflallized. 

As  to  the  natural  fubflances  which  contain  only  the 
principles  of  aluminous  fulphate,  thefe  are  much  more 
common  than  the  former  ;  and  a  preliminary  prepara- 
tion is  requifite  before  a  neutral  fait  can  be  obtained 
from  them.  Aluminous  fchifli  mufl  be  calcined,  in 
order  that  the  bitumen  from  which  they  derive  their 
colour  may  be  burnt,  and  that  the  pyritical  part  of  the 
ftone,  which  fupplies  the  alum,  may  be  decompofeJ. 
Bergman  aiferts,  that  if  this  fchiflus  be  waihed  before 

being 
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being  calcined,  it  gives  not  a  particle  of  alum«     Ex- 
pofure  to  the  air  produces  the  fame  effecls  on  pure  py- 
rites fprinkled  with  water.     The  fpontaneous  decom- 
pofition  of  thefe  fubftances    affbrd$    fulphuric   acid, 
which  combines  with  the  clay  to  forro  alum.     Thofe 
pyritoUs  fubftances,  when  brought  into  a  ftatc  of  efflo- 
refcence,  are  lixiviated  with  water ;  and,  after  being 
fuffeted  io  depofite  the  iron  which  it  contains,  the  lixi- 
vium is  evaporated  and  put  into  caflcs  to  cryftallize. 
The  fait  falls  to  the  bottom  in  large  cryftals.    A  ftrong 
foapy  lixivium  is  often  made  ufe  of  to  facilitate  the  cry- 
ftallization  of  the  alum.     This  procefs  is  followed  in 
feveral  manufadories :  but  alum  obtained  in  this  man- 
ner always  contains   more  or  lefs  iron.     That  again 
which  is  extracted  from  ftones  in  which  it  exifts  ready 
formed  is  always  purer,  fuch  as  Roman  alum,  for  in- 
(lance.     Alum  manufaflured  by  a  direct  combination 
of  the  fulphuric  acid  with  clay,  is  always  mixed  with 
a  certain  proportion  of  iron,  as  the  coloured  clay  from 
v^hich  it  is  prepared  is  always  impregnated  with  that 
metal  *. 

G  z  Aluminous 

• 

*  M.  Chapia/ reUtc^  that,  in  his  own  alum  manu factory,  he  has 
ktn  accuftomed  to  fprea  *  his  clayS,  calcined  and  reduced  to  fmall 
pcces,  over  tlic  flnors  cf  his  leaden  chambers ;  and  when  they  are 
In  »iiis  condition,  'O  apply  to  them  fulphuric  acid  (obtained  from 
tic  combuftion  of  fulpliur  with  faUpetn  )  in  vapours  ;  »n  which  ft  ate, 
the  acid  a&  more  powerfully  upon  the  clny,  than  if  it  had  been 
ci!::tcd  in  water-  By  this  procefs,  the  whple  furface  of  the  clays 
ii  ^«^Kbin  a  few  days  converted  into  alum. 

All  the  common  operations  of  this  manufadure  may  be  reduced 

to  th*fe  four  ; 
I.  The  decompofition  cf  the  mineral,  fpontancoudy  in  the  open 

air,  cr  c!fc  by  fire ; 
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Aluminous  fulphate  ki  a  regular  tryllalline  form  is  s 
perfed  oftohasdron,  confifting  of  two  tetrahaedral  py- 
ramids, with  their  bafes  united.  This  form,  however, 
varies  according  to  the  circumftances  of  the  cryftalliza* 
tion  ;  the  odoh^sdron  is  more  or  lefs  truncated,  irregu- 
lar, pointed^  or  flattened.  The  angles  are  more  or  lets 
complete,  or  cut  away  :  the  cryftals  are  joined,  and  oft- 
en enchafed  in  each  other  by  means  of  their  pyra- 
mids. M.  Rome  de  Lille  has  very  carefully  defcribed 
all  thefe  varieties  in  the  new  edition  of  his  Cryftal- 
lography. 

A  gentle  heat  liquefies  this  fait :  a  good  deal  of  a- 
queous  vapour  then  exhales  from  it ;  and  it  fwells  in- 
to a  large  light  mafs,  rough,  and  full  of  cavities,  all 
over  its  furface.  Here,  as  well  as  in  the  inftanceof 
borate,  this  phaenomenon  is  owing  to  the  difengage- 
ment  of  the  water,  the  bubbles  of  wluch  gradual- 
ly raife  and  dilate  the  faline  particles.  Alum  in 
this  Hate  receives  the  name  of  calcined  alum*  It  has 
loft  under  the  operation  about  half  its  weight.  It  k 
now  fomewhat  altered,  and  reddens  fyrup  of  violets: 
its  tafte  is  (tronger,  the  acid  not  being  fo  much  in  a  la- 
tent ft  ate  as  before.  When  diffolved  in  water,  it  gives 
as  a  precipitate  a  fmall  portion  of  earth.  It  maybe 
caufed  to  cryftallize  ;  but  it  fcarce  fwells  at  all  when 
calcined  a  new,  as  M.  Baume  has  obferved.    By  calcis- 

ing 

2.  The  liziviation  of  the  produd  obtained  by  the  abort  f^ 
ceffes ; 

3.  The  evaporating  of  the  lixivium  in  leaden  cauldrons,  to  "^ 
proper  point  of  concentration  ; 

4.  The  refrigeration  of  the  concentrated  lixivium,  in  coolen ;  ^ 
to  which  it  is  conveyed ;  till  it  be  fixed  into  tetrahftdral  pyrasu^^ 
joined  together,  by  two  and  twoj  at  the  bafes.    }i«     ->'    >^ 
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ing  alum  In  a  machine  for  dtftillation,  we  obtain,  firft 
phlegm,  and  afterwards  towards  the  end  of  the  opera- 
tion the  acid.  But  we  cannot  decompofe  it  entirely ; 
for  Geofiroy  expofed  a  quantity  of  alum  in  a  retort  to 
a  very  intenfe  fire  during  three  days  and  three  nights, 
virhout  obferving  it  to  fuffer  any  remarkable  altera- 
tion. 1  am  of  opinion,  however,  that  the  changes 
which  alum  undergoes  when  long  expofed  to  tl^  ac- 
tion of  fire,  have  not  yet  been  examined  widi  fufficient 
care- 
Aluminous  fulphate  efflorefces  (lightly,  and  lofes  the 
water  of  its  cryftals  when  expofed  to  the  air.  In  cold 
water  it  is  fcarce  foluble  ;  for,  according  to  M.  Baume, 
two  pounds  of  cold  water  diflblve  no  more  than  four- 
teen  drams  of  alum*':  but  boiling  water  difiblves  a  quan« 
tity  equal  to  more  than  half  its  own  weight.  Eight 
ounces  of  the  fluid  in  this  ftate  are  fuflicient  to  main- 
tain five  ounces  of  the  fait  in  folution.  It  cryftallizes 
readily  by  cooling.  Its  cryftals  feem  to  be  a  kind  of 
triangular  pyramids,  with  truncated  angles,  but  are  in 
reality  pieces  of  odohaedrons.  Depofited  on  threads 
in  the  middle  of  the  folution,  they  form  very  regu- 
lar oQohacdrons,  whofe  pyramids  are  obliquely  trun- 
cated. 

Siliceous  earth  efiefts  no  difcemible  alteration  on 
aluminous  fulphate.  This  fait  may  be  made  to  unite 
with  a  larger  quantity  of  aluminous  earth  than  it  ordi* 
sarily  contains.  M.  Baume  has  found,  by  experiments, 
that  on  fuch  an  occafion  it  acquires  the  charaderiftic 
properties  of  common  clay.    To  faturate  alum  with 
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*  According  to  Firwin,  alum  requires  25  times  its  weight 
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aluminous  earth,  a  folution  of  the  fait  muft  be  boiled 
with  a  portion  of  the  earth  pure,  and  the  mixture 
heated  till  ir  lofe  its  ftiptic  tafte,.  If  the  combination 
be  properly  effected,  it  now  acquires  a  mild,  infipid, 
earthy  tafte.  M.  BaumjC  ha?  obfervedj  that  when  eva- 
porated, it  affords  fpangles  refembling  mica.  The 
Duke  de  Chiulnes  having  le't  a  lixivium  of  this  fait  fa- 
turated  wirh  earth,  expofed  lor  a  confidcrable  time  to 
the  air,  found  it  ti>  contain  at  the  end  of  a  few  inonths 
very  rtgular  cubic  cr}flals.  M.  le  Blanc  likewife  obr 
tained  this  fubflance  in  cubic  cryflals  by  a  ilaiilar 
procefs.  It  appears  that  alum  oncis  faturated  wiih 
earth  can  never  be  reduced  to  the  ftate  of  pare  a- 

Aluminous  fulphate  may  be  decompofed  by  barytes 
or  niagntfia,  each,  of  which  has  a  greater  affinity  than 
aluminous  earth  with  the  fulphuric  acid.  Barytic,  or 
magncfian  lujphate,  is  the  refult  of  fych  a  decompofi- 
tion. 

Lime-water  poured  into  a  folution  of  this  fait  preci- 
pitates the  earth.  Both  .the  fixed  alkalis  and  ammo* 
niac  decompile  alum.  Carbonate  of  potafh,  foda,  am- 
moniac, lime,  or  magnefa,  likcwife  fcj>arates  the  alu- 
minous ear<h  iroin  this  fait ;  but  if  the  pn^cipitation  be 
eficcted  \vichi>ut  heat,  the  pn?cipiiaied  eaith  feizes  part 
of  the  ca»^bt  nic  acid.  But  1  have  obferved,  that  when 
a  Toluiion  of  alum  u  mixed  with  a  hot  folution  of  any 
cf  the  alkaline  carbonates,  the  precipitation  is  attended 
With  an  cffervefcence,  owing;  to  the  difen^ageraent  of 
the  carbonic  acid. 

Al&minous  earth,  when  precipitated  by  any  of  thefc 
fpbitances,  fubfides  gradually  and  in  Hakes* '  If  dri^d 
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flowly,  it  becomes  very,  white  ;  when  expofed  to  fire,  it 
decrepitates  like  clays.  A  (Irong  heat  renders  it  pretty 
hard :  its  bulk  is  at  the  fame  time  greatly  contra^fled. 
It  does  not  melt,  though  expofed  even  to  fo  intenfe  aii 
heat  as  that  of  the  burning-glafs  in  the  garden  de  /'  In* 
fante.  So  tenacioufly  does  it  retain  its  water,,  that  the 
utmoft  force  of  fire  is  requifite  to  feparate  them  entirely. 
With  water  it  may  be  baked  into  a  clammy  pafte,  that. 
makes,  when  burnt,  excellent  porcelain.  Aluminous 
earth  poffeffes  therefore  all  the  diftinguiftiing  proper- 
ties of  argillaceous  earths ;  and  Macquer  has  very  juft- 
ly  declared  it  to  be  the  pureft  clay  that  can  be  pro^ 
cured. 

We  know  not  very  well  in  what  manner  barytes, 
magnefia,  lime,  and  the  pure  alkalis,  ad  on  aluminous 
earth.  Probably  thefe  fubftances,  efpecially  the  laft 
of  them,  would,  with  the  help  of  fire,  reduce  it  to  a. 
yitreous  frit,  M.  Achard  has  made  a  feries  of  cxpeii- 
ments  which  verify  this  conjefture.  The  colour,  the 
tranfparency,  the  hardnefs,  and  indeed  all  the  proper- 
ties of  thofe  fubftances,  vary  according  to  the  pro- 
portions  in  which  the  principles  of  which  they  are  form- 
ed have  been  mixed  together  j  as  we  learn  from  a  dif- 
fertation  by  the  above-mentioned  chemifl  on  the  fub* 
jeft. 

The  fulphuric  acid  readily  diflblves  aluminous  earth 
when  it  is  cool  and  wet ;  but  when  dry,  it  diflblves  it 
not  without  cflnfiderable  difficulty.  Several  ounces  of 
this  folution,  taken  together,  afford  cryflals  of  alum, 
mixed  with  a  few  fcales  or  fpangles  refembling  mica. 
And  M.  Baume  tells  us,  that  when  this  experiment 
is  performed  in  the  fmali  way,  only  thefe  fcales,  and 
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no  alum,  are  obtained.  Other  acids  likewife  difiblve 
this  earth,  forming  with  it  falts  which  are  but  little 
known,  but  fhail  be  inention^4  i^  fotne  following  ar- 
ticles. 

We  know  not  ho\f  aluminous  earth  wouk)  z&  upon 
the  neutral  falts :  but  its  nioft  fingular  property  is  that 
of  combining  in  an  extraordinary  proportion  with  alu- 
minous fulphate  without  communicating  to  it  new  pro- 
perties ;  of  which  we  have  (poken  above.  M.  Baumc, 
to  whom  we  owe  that  4ifcovery,  boiled  a  folution  of 
alum  ^ith  a  quantity  of  earth  precipitated  from  this 
fait  by  one  of  the  f^^^ed  alkalis ;  and  the  liquor  diiToI- 
yed  the  earth  with  efFervefcence.  When  filtrated,  it 
had  no  longer  the  tafte  of  alum,  but  tafted  as  hard  wa- 
ter. It  did  not  communicate  a  red  colour  to  the  tinc- 
ture of  turnfol,  but  it  gave  a  green  colour  to  fyrup  of 
yiolets.  By  fpontaneous  evaporation,  it  afforded  a  few 
cryftals  in  foft  fcales  refembling  mica.  M.  Baume 
compares  them  to  felenite,  or  fulphate  of  lime.  It  is 
by  no  means  eafy  to  form  alum  by  adding  vitriolic  a- 
cid  to  the  fait  thus  faturated  with  earth ;  the  mixture 
is  now  acid,  but  not  ftiptic  :  yet,  by  a  fpotitaneous  c- 
Vaporation  for  three  months,  the  folution  afforded  cry- 
ftals  of  alum,  mixed  with  fome  micaceous  fpangles, 
like  tbofe  which  the  alum  faturated  with  earth  afforded. 
Such  is  the  refult  of  the  esperiments  of  Meffrs  Mac- 
quer  and  Baume  on  aluminous  earth. 

Alum,  whtfn  expofcd  to  fire  with  combuftible  mat- 
ters, forms  a  fubftance  which  kindles  in  the  air,  and 
rs  called  Homberg^s  pyrophorus.  That  chemift,  who 
inade  this  combination  known  to  the  world  in  the  year 
1 7 1 1  j  long  laboured  to  obtain  from  the  human  foeces 
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a  white  oil,  which  he  expeded  to  fix  mercury  into  fine 
filver*  Hi$  laboars  on  this  projed  gave  rife  to  feveral 
difcoveries.  The  refidue  of  that  animal  matter  di- 
ftilled  with  alum  takes  fire  in  the  air.  Homberg  re- 
peated this  procefs  again  and  again,  and  it  always  fuc« 
ceeded.  Lemery  the  yonnger,  pablifhed  in  the  years 
1714  and  1715,  two  Memoirs,  in  which  he  informed 
die  world  that  pyrophoms  mt^t  be  compofed  out  of  a 
great  many  vegetable  and  animal  matters,  treated  with 
alum :  but  be  did  not  fucceed  in  forming  it  from  fome 
other  fulphuric  falts.  Thofe  two  chemifts,  who  confi- 
dered  alum  as  a  combination  of  the  fulphuric  acid  with 
calcareous  earth,  thought  that  the  calcareous  earthy 
being  reduced  to  the  ftate  of  lime,  attracted  moifture 
from  the  air ;  and  that  the  fulphur,  which  they  knew  to 
be  then  formed,  was  inflamed  by  the  heat  then  produ- 
ced in  the  mixture. 

Since  the  time  of  thofe  chemifts,  Le  Jay  de  Suvigny, 
doAor  in  medicine,  has  given  an  excellent  memoir  on 
this  pyrophoms,  inferted  in  the  third  volume  of  the 
Memoires  des  Savans  Ef rangers.  In  that  paper  he  de- 
tails a  great  many  experiments,  by  which  he  at  length 
effeded  the  compofition  of  pyrophoms,  not  only  from 
alum  with  various  combuftible  matters,  which  Lemery 
had  effeded,  but  even  from  moft  falts  containing  ful- 
phuric acid.  That  Chemift  has  likewife  given  a  theo- 
ry of  the  inflammation  of  pyrophoms  when  expofed  to 
the  air,  which  has  been  unanimoufly  adopted  by  later 
chemifts.  He  takes  pyrophoms  to  contain  glacial  oil 
tf  vitriol^  which,  by  attracting  moifture  from  the  air, 
and  gradually  heating  the  mafs,  kindles  the  fulphur, 
and  occafions  a  fpontaneous  evaporation. 

Fyrophorus 
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Pyrophorus  is  ufually  priepared  by  melting  three  parts 
of  alum  with  one  of  fugar,  honey,  or  nieal>  in  an  iron 
Iadle«  This  mixture  is  dried  till  it  become  blackifli 
and  ceafe  to  fwelL  It  is  then  broken  into  pieces,  and 
put  into  a  matrafs,  or  phial  luted  with  earth  ;  this  veffel 
is  then  put  into  a  crucible  containing  fand,  and  heat  is 
applied  till  a  bluifh  flame  be  feen  to  iiTue  from  the 
mouth  of  the  phial.  After  fuffcring  it  to  burn  in  this 
ipanner  for  a  few  minutes^  the  crucible  is  removed  from 
the  fire.  Its  contents  are  left  to  cool,  and  the  pyropho- 
rus  is  then  poured  into  a  dry  flafk,  which  admits  of  be- 
ipg  v^ry  clofely  flopped.  This  pyrophorus  takes  fire 
on  being  expofed  to  the  air;  and  that  the  more  readily 
in  proportion  as  the  attnofphere  confains  a  greater 
quantity  of  aqueous  vapour.  Its  combuftion  may  be 
accelerated  by  bringing  it  into  con  tad  with  humid 
▼apour,  fuch  as  the  human  breath.  Pyrophorus,  if  too 
long  expofeJ  to  heat  when  it  is  compofed,  becomes  in- 
capable of  taking  fire  in  the  air.  When  kept  in  a  vef- 
k\  not  clofely  flopped,  it  is  gradually  impregnated  with 
moifture,  and  lofes  its  tendency  to  combuftion :  but  it 
may  be  reduced  by  calcining  it  anew,  in  the  manneir 
above  defcribed. 

This  was  ^11  that  we  knew  of  pyrophorus,  before  M- 
Prouft's  valuable  experiments,  of  which  he  has  given 
an  account  in  tjie  yournal  de  Medicine  for  July  i778t 
That  chemill,  in  the  courfe  of  his  chemical  operations, 
having  met  with  a  great  number  of  pyrophoric  refidues, 
which  he  could  not  well  fuppofe  to  contain  any  portion 
of  fulphuric  acid,  was  induced  to  think  that  pyrophorus 
did  nut  owe  to  that  acid  its  fpontaneous  inflammation* 
By  a  very  fimple  experiment,  he  has  proved  that  it  does 
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AOt  contain  a  (ingle  particle  of  fulphurlc  acid  not  in  a  h,^ 
tent  ftate ;  for,  when  water  is  poured  on  it,  no  heat  is 
produced.  The  refuU  of  all  his  experiments  and  obfer- 
vations  on  this  head  is,  that  all  fubftances  which  leave, 
oa  being  decompofeJ,  acarboniceous  refidue  intermixed 
with  an  earth  or  a  metallic  oxide,  are  capable  of  fpon- 
taneons  inflammation  in  the  air.  Yet  we  cannot  avoid 
obferving,  that  M.  Prouft,  in  that  part  of  hLs  refearches 
on  this  matter  which  he  has  communicated  to  the  public, 
does  not  explain  the  reafon  why  Ho.nberg\  pyropho- 
rus  takes  fire  in  the  air  ;  for,  according  to  him,  it  is 
a  fubftance  entirely  different  from  thofe  of  which  he 
gives  an  account.  His  memoir,  indeed,  fays  no- 
thing at  all  of  the  pyrophorus  which  we  have  defcribed 
above. 

Mr  Bewly,  an  EnTljfli  furgeon,  in  a  letter  addreflfed 
to  Dr  Prieftley,  afcribes  the  inflammation  of  pyropho- 
rus to  its  containing  a  fubdance  capable  of  attracting 
nitric  acid  from  the  atmofphere.  What  fuggefted  this 
opinion  to  him  wasi  his  dilcovering  that  fpirit  of  nitre 
inftantly  infla^ nes  p)rophorus,  though  not  fuflicientlj 
calcined,  or  containing  fome  portion  of  moidure.  But, 
in  the  firfl  place,  it  is  by  no  means  certain  that  the  at- 
mofphere naturally  contains  nitric  acid :  and  again, 
M.  Prouft  has  difcovered,  that  the  inflammation  of  py- 
rophorus by  fpirit  of  nitre,  is  owing  to  the  coal  which 
it  con(ain> ;  for  the  iiitric  acid  detonizes  with  all  car* 
bonaceous  matters  ihat  .ire  fufficiently  dry,  and  not  too 
dofely  united  by  the  force  of  aggregation  ;  as  we  fhall 
explain  more  at  large  when  we  come  to  the  article 
of  coaL    Mr  Bewly's  explanation  of  this  phasnomenon 
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18,  therefore,  not  more  fatisfaftory  than  thofc  of  former 
chemifts. 

The  only  way  by  which  we  can  hope  to  dtfcover  the 
caufe  of  this  phaenomenon  is,  making  ourfeives  ind- 
siately  acquainted  with  the  nature  of  Homberg's  pyro- 
phorus.  It  appears  to  confxft  of  aluminous  earth,  a 
loofe  carbonaceous  matter,  fupplied  by  the  honey  or 
Ittgar,  &c.  a  little  pota(h,  and  a  fmall  portion  of  ful- 
phur,  united  partly  with  the  aluminous  earth  and  in 
part  with  the  alkali.  When .  pyrophprus  is  ftrongiy 
Iieated  in  a  pneumato-chemical  machine,  a  large  pro* 
portion  of  fulphurated  or  hepatic  hydrogenous  gas  is 
obtained  from  it.  When  it  becomes  incapable  of  fur- 
siihing  this  fubftance,  it  is  no  longer  fufceptible  of  in- 
flammation in  the  air.  Pyrophorus,  immerfed  in  vital 
air,  burns  rapidly,  giving  out  a  very  bright  red  flame. 
When  wafhed  with  warm  water,  it  affords  a  genuine 
fulphure^  leaving  on  the  furface  of  the  filter  or  ftrainer 
carbonaceous  matter  with  a  little  aluminous  earth. 
The  pyrophorus  is  then  decompofed.  When  pyropho- 
Tus  ceafes  to  burn,  it  is  found  to  have  acquired  an  in- 
ceafe  of  weight  by  abforbing  a  portion  of  oxigene. 
Ifwheninthis  (late  it  be  lixiviated,  it  affords  alumi- 
nous fulphate ;  becaufe  the  fulphur  burnt  by  the  adion 
of  the  air  forms  fulphuric  acid  which  combines  with 
the  aluminous  earth.  But  the  fait  thus  obtained  is 
alum  faturated  with  earth. 

The  Journal  de  Phyftqueior  November  1780,  con- 
tains fome  obfervations  on  pyrophorus,  in  which  we 
are  told,  i.  That  this  fubdance  owes  its  combuftibi* 
lity  to  its  containing  a  certain  quantity  of  phdpho- 
Tus  formed  by  the  acid  of  mucous  matters.    3.  That 


an  ounce  of  pyrophorus  gires,  when  difllUed^  firoxoi 
five  to  feven  grains  of  pyrophorus.  3.  That  pyroph(^ 
rus  may  be  at  any  time  readily  compofed  by  triruradng 
fifty-four  grains  of  flowers  of  fu^phur,  thirty  fix  oF 
rery  dry  charcoal  of  willows,  and  three  of  commoa 
phofphorus,  together  in  an  iron  mortar.  The  particn- 
lars  of  the  analyfis  do  not  exi&iy  correfpond  with  the 
indudions  deduced  from  it;  for  it  does  not  appear 
that  real  pyrophorus  was  obtained.  But  the  memoir 
contains  a  number  of  important  fads,  which  it  may  be 
advantageous  to  any  chemifts,  who  (hail  hereafter  at- 
tempt an  analyfis  of  pyrophorus,  to  be  acquainted  with. 
Alum  is  applied  to  many  ufeful  purpofes.  In  medi- 
cine, it  is  ufed  as  an  aftringent:  but  it  (hould  be 
very  cautioufly  adminiftered  internally.  It  is  oftener 
aj^Ued  externally  as  a  (liptic  and  a  powerful  de- 
ficative.      It    is  ufed  in  gargles,    pladers,    collyria. 

Few  Haline  matters  are  of  more  ufe  in  the  arts  than 
alum.  Chandlers  mix  it  with  their  tallow,  to  render 
it  more  folid  and  confident.  Printers  rub  their  balls 
with  calcined  alum,  to  make  them  take  up  the  ink. 
Wood  impregnated  with  a  folution  of  alum  will  fcarce- 
ly  bum.  And  the  ufe  of  alum  has  therefore  been 
propofed  to  fecure  houFes  from  taking  fire.  It  produ* 
ces  the  fame  effeds  on  paper  as  on  wood.  But  paper 
impregnated  with  alum  foon  becomes  yellow,  and  fu& 
fers  an  alteration  of  nature. 

Bleachers  put  a  little  alum  into  muddy  water  to  pu- 
rify it.  M.  Baum^  thinks,  that  on  this  occafion  the 
fait  attrads  to  it  part  of  the  earth  fufpended  in  the 
fluid,  and  that  the  earth  and  the  fait  forming  an  info- 
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luble  compound,  are  precipitated  together.  Sbifii 
people  ufe  alum  to  purify  water  which  they  are  to  drink; 
It  is  ufed  in  preparing  leather ;  and  cloth  and  paper^ 
on  which  colours  are  to  be  impreffed,  are,  firft  impreg- 
nated with  alum* 

A  folution  of  5j^ura  retards  the  putrefaction  of  ani- 
mal fubftanccs.  This  is  an  excellent,  and  a  very 
cheap  way  of  preferving  natural  produftions  which 
are  fent  as  fpecimens  from  one  country  into  another. 
Aluminous  earth  conftitutes  the  bafe  o^  body  of  paftils 
or  crayons.  And,  laftly,  this  fait  is,  as  Macquer  fays^ 
the  very  foul  of  the  art  of  dyeing.  It  renders  colours 
deeper  and  more  bright,  and  it  confers  folidity  on  the 
particles  of  colouring  matters  ;  without  the  help  of  a*- 
lum  no  colour  would  be  permantnt  or  proof  againft 
water.  This  property  of  alum  will  be  examined  when 
we  come  to  fpeak  of  colouring  vegetable  matters.  We 
fhall  then  fee  that  alum  renders  them  permanent  by 
changing  their  nature,  decompofmg  them,  and  ma* 
king  them  infoluble  in  water** 

Species  II.     Aluminous  Nitrate. 

M.  Baume  fays,  that  the  nitric  acid  entirely  diffolve* 
aluminous  earth.  This  folution  is  limpid,  and  much 
more  aftringent  than  a  folution  of  alum.  By  fponta- 
neous  evaporation,  it  gives  fmall  pyrumiJal  dryftals, 
extremely  ftiptic,  and  liable  to  deliquiate. 

The 

*  Alum  is  alfo  employed  in  a  preparation  of  glue  for  the  de- 
ftru^ion  of  infc(5ls.      It  is  ufed  by  the  bakers  of  Eng/am!  and  o- 
ther  places,  to  improre  the  wbitcnefs,  and  increafe  the  weight  of 
heir  biead.    H. 
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•    •  • 

The  other  properties  of  this  fait  have  not  yet  .been 
examined  ;  only,  we  know  that  it  admits  of  decompo- 
fition  bv  the  intervention  of  the  fame  fubftances  which 
decompofe  alum.  It  has  not  yet  been  found  in  nature, 
but  is  always  a  product  of  art. 


Species  III.     Aluminous  Muriate. 

The  muriatic  acid  diffolves  aluminous  earth  better 
than  the  nitric  acid.  This  folution,  when  the  fubflan- 
ces  are  mutually  faturated,  is  gelatinous,  nor  can  it  be 
filtrated  without  being  diluted  in  a  great  deal  of  water. 
Aluminous  muriate  has  a  faline  ftiptic  tafle ;  it  firft 
rediiens  fyrup  of  violets,  and  afterwards  converts  the 
red  colour  to  a  jjreen.  By  fpontaneous  evaporation  it 
gives  very  (liptic  crydals,  the  form  of  which  has  not 
yet  been  examined  :  lime-water  decompofes  them.  A- 
luminous  muriate  is  liable  to  deliquiate.  It  has  never 
yet  been  obtained  but  by  the  manipulations  of  art.  Its 
other  properties  are  unknown. 


Species  IV.     Aluminous  Borate. 

m 

The  combination  of  the  boracic  acid  with  aluminous 

m 

carrh,  which  we  call  aluminous  borate,  has  not  as  yet 
been  examined.  We  know  that  when  a  folution  of  bo- 
rate of  foda  is  poured  into  a  folution  of  aluminous  ful- 
phare,  it  produces  a  light  flaky  precipitate.  The  ful- 
phuric  acid  forfakes  the  aluminous  earth,  in  order  to 
combine  with  the  foda.     The  earth  again  combines 

with 
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with  the  boracic  acid,  n^hich  is  feparated  at  the  kmi 
time*  And  this  new  fait  is  by  degrees  diflblved  zgaitu 
The  liquor  thus  precipitated  by  the  fixed  alkali,  gives 
by  evaporation  a  vifcid  aftringent  mafs,  confiding  of 
fulphatd  of  foda  and  aluminous  borate  confounded  to- 
gethen  This  kind  of  borate  may  be  decompofed  in 
the  fame  manner  as  alum  ;  but  its  properties  have  not 
yet  been  examined  with  fufficient  care. 


Species  V.    Aluminous  Fluate. 

We  give  this  name  to  the  combination  of  the  fluorid 
acid  with  aluminous  earth.  This  neutral  fait  is  set 
known,  and  has  never  been  examined.  Scheele,  Boul- 
langer,  and  Bergman,  have  faid  nothing  s^ut  it. 


Species  VI.    Aluminous  Carbonate. 

The  combination  of  the  carbonic  acid  with  alumi- 
nous earth  has  been  as  yet  but  very  little  examined,  it 
is  certain,  however,  that  the  carbonic  acid  admits  ot 
combination  with  aluminous  earth  :  For,  i.  As  Berg- 
man  has  remarked,  when  a  folution  of  alum  is  jlrecip^ 
tated  by  the  alkaline  carbonates,  the  filtrated  liquor 
depofites,  at  the  end  of  fome  time,  a  little  earth  which 
was  held  in  folution  by  the  carbonic  acid,  and  is  left  in 
a  feparate  (late,  as  the  acid  gradually  efcapes.  a.  This 
precipitation,  when  the  matters  are  cold,  takes  place 
without  any  effervefcence,  and  part  of  the  carbonic 
acid  feparated  by  the  alkali,  appears  to  enter  into  com* 

I  binatioB 
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bmation  with  the  aluminous  earth,  while  another  part 
is  difldlvcd  in  the  liquor.  * 

Befides,  from  the  decompofition  of  many  argillaceous 
earths  by  feveral  modern  chemifts,  it  is  at  prefent 
known  that  they  contain  carbonic  acid  ;  for,  when  dif- 
folved  in  the  fulphuric  and. the  muriatic  acids,  they  al« 
ways  effervefce  either  more  or  lefs*. 

Vol.  II.  H  CHAP. 


*  Sclreler  ;  and  after  him  Chaptal^  and  Zchme'iffer;  afTert,  that  the 
mUk-white,  friable  earth,  known  by  the  name  of  Lac  Lutut^  is,  in 
part}  an  aluminons  carbonate.    H. 


CHAP.    X. 


Genus  VI.      Baryiic  Neutral  SaltSj  or  Neutral  Salu 

with  a  Bafe  of  Barytes. 

BAR YTES  in  combination  with  the  acids  forms  a 
clafs  of  neutral  falts,  which  differ  from  thofe 
which  we  have  hitherto  been  examining,  in  form,  taftc, 
folubility,  and  in  the  laws  of  their  decompontion.  This 
earthy-alkaline  fubftance  has  a  greater  affinity  with  the 
acids  than  any  of  the  three  alkalis,  or  of  the  other 
earths.  Thefe  alkaline  fubftances  muft  be  united  with 
the  carbonic  acid,  to  enable  them  to  decompofe  barjiic 
falts.  Thefe  falts  are  fix  in  number,  namely,  barytic 
fulphate  or  ponderous  fpar,  barytic  nitrate,  barytic 
muriate,  barytic  borate,  barytic  fluate,  and  barytic  car- 
bonate. To  thefe  fix  we  may  add  the  combinations  of 
barytes  with  the  tunftic,  the  arfenic,  the  molybdic, 
and  the  fuccinic  acids  ^  but  as  thefe  are  not  much 

knowoy 
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known,  we  fliall  defer  fpeakmg  of  them  till  we  come 
to  the  hiftory  of  the  four  acids  to  which  they  owe.  their 
formation. 


Species  I.     Barytic  Sulphate^  or  Ponderous  Spar. 

Ponderous  fpar,  which  being  infipid  and  infoluble, 
has  been  hitherto  confidered  by  naturalifts  as  a  {lone, 
is  produced  by  the  combination  of  the  fulphuric  acid 
with  barytes,  and  fliould  therefore  be  called  barytic fuU 
pbate.  This  earthy  fait  has  been  by  many  naturaiifts 
confounded  "wixhjluorfpar^  or  calcareous  fluate  :  both 
indeed  have  the  fame  fradure,  and  effiervefce  in  the 
fame  manner  with  acids.  But  the  form,  the  obfcurity, 
and  the  ponderofity  of  ponder ota  fpar^  plainly  diftin* 
guifli  it  from  the  other.  Befides,  it  poffeffes  one  che- 
mical quality,  which  alone  might  be  fufficient  to  pecu- 
liarize  its  chara6ler.  If  a  fmall  portion  of  fulphuric 
acid  be  poured  on  powder  of  ponderous'  fpar,  the  acid 
moiftens  the  fpar  without  difengaging  from  it  any  va- 
pour, or  caufmg  it  to  exhale  any  fmell ;  whereas  cal- 
careous fluate,  or  fiuor  fpar^  when  treated  in  the  fame 
manner,  exhales  by  degrees  a  gas  of  a  poignant  fmell, 
which,  on  coming  into  cOnta£t  with  air,  compofes  a 
white  fmoke  that  is  foon  perceived  to  be  fluoric  acid. 
Other  naturaiifts  have  confounded  it  with  felenitous 
JP^r ;  but  this  fubftance  again  is  of  a  different  form, 
and  more  foluble,  and  may  be  decompofed  by  the  fixed 
alkalis  in  a  pure  or  cauftic  ftate ;  whereas  thefe  falts 
effect  no  alteration  on  ponderous  fpar. 

Barytic 
Ma. 
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Barytic  fulphate  abounds  in  nature.  It  is  almoft  al« 
ways  found  along  with  metallic  ores.  It  appears  either 
in  cryftals  or  in  fhapelefs  mafTes,  but  is  always  difpofed 
in  layers  which  vary  in  thicknefs  and  extent.  It  is 
pretty  hard,  yet  does  not  give  fire  with  fteel.  The  fol- 
lowing are  its  principal  varieties. 

Varieties. 

J.  Barytic  fulphate,  or  ponderous /par,  white,  fe- 
mi-tranfparent,  and  cryftallized  in  prifms,  of 
fix  fides,  two  of  them  very  large,  and  the 
other  four  very  little,  terminating  in  dihx- 
dral  furamits.  Thefe  cryftals  are  difpofed  ia 
an  oblique  pofture,  on  mafles  of  the  fame  na- 
ture with  themfelves.  Thev  refemble  ob- 
long  fquare  plates,  the  four  fides  of  which 
have  been  cut  obliquely.  They  are  often 
covered  with  yellowifli  rhomboidal  cryftals. 
This,  as  well  as  the  following  fpecies,  is  cal- 
led ponderous  /par  in  tables. 

2.  Barytic  fulphate,  or  milk-white  ponderous  /par  ^ 

in  tables,  but  not  having  the  fides  cut  ailant. 
It  is  not  regularly  cryftallized,  but  is  found  ifl 
tolerably  thick  layers,  arranged  one  over  ano« 
ther.  It  is  often  incrufted  with  a  red  duft,  of 
reddifli  filver  ore,  or  pyrites. 

3.  Round,  femi'chatoyanty  barytic  fulphate  or  ptrh 

derous  fpar :  Bologna  ftone.  It  confifls  of  a 
number  of  converging  filaments  united  into 
laminae,  arranged  one  over  another.  This 
variety  is  better  known  than  any  of  the  others, 
OR  account  of  its  being  phofphoric.    It  plain- 
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Varieties* 

ly  appears  to  have  been  agitated  and  worn  by 
water. 

4.  Odoheedrat  barytic  fulphate  or  ponder om  f par. 

It  cryftallizes  like  alum-     The  fummit?  of  the' 
pyramids  are  often  truncated,  fo  as  to  form  a 
decahaedral  figure.     It  exhibits  <i  number  of 
other  varieties,  according  as  its  angles  are  pro** 
longed  or  truncated. 

5.  Duodecahaedral    barytic  fulphate   or  ponderous 

/par.  It  is  of  the  form  of  certain  garnets  and 
fome  pyritous  (lones.  It  is  feldomer  to  be 
met  with  than  the  preceding  fpccies. 

6.  Pyramidal  barytic  fulphate,  or  ponderous  fpar. 

Both  this  and  the  preceding  variety  appear  in 
M#  Daubenton's  table** 

I  confider  as  a  variety  of  ponderous  fpar^  that  fub- 
ftance  which  is  known  by  the  name  of  pearl  fpar  ^  and 
was  formerly,  as  well  as  mofl  of  the  preceding  varie- 
ties, ranked  among  i\it  feleniious /pars.  This  fpar  con- 
fifts  of  fmall  rhomboidal  fcales,  which  are  generally 
fparkling,  and  obliquely  difpofed  one  over  another.  It 
is  opaque,  brilliant,  feemingly  micaceous,  and  fcattered 
over  calcareous  fpar,  quartz,  or  the  firfl  of  the  varieties 
above  defcribed.  It  is  of  a  yellow  or  a  dirty  green 
colour,  fometimes  of  a  filver  white.  The  Abb6  Haiiy 
thinks  it  to  be  a  genuine  calcareous  fpar. 

Margraaf,  who  examined  feveral  varieties  of  barytic  • 
fulphate,  fuch  as  Bologna   ftone   and   white   opaque 

H  3  ponderous 

*  K\tw2lti^s  familiei  of  the  fpccies  of  barytic  fulphate,  in  tKe  2d 
edit,  of  his  Mineralogy,  diflFer  fo  much  from  the  above  varieties, 
a&  to  prove  that  the  native  varieties  of  this  fait  are  as  yet  but  ixn- 
pcrfcaiy  known.    H. 
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ponderous  fpar,  imagined  it  to  be  a  kind  of  Jelenite  or 
calcareous  fulphate,  mixed  with  a  little  clay,  which 
rendered  it  infoluble.  But  -Gahn,  Scheele,  and  Berg- 
man,  found  it  lo  be  that  peculiar  earth  to  which  we 
have  given  the  name  of  barytes.  M.  Monnet  has  like- 
wife  found,  by  examining  the  falts  which  it  forms  with 
acids,  that  its  bafe  is  of  a  different  nature  from  calca- 
reous earth;  but  he  imagines  it  to  contain  *  fulphur 
ready  formed,  and  idkes  ponderous /par  to  be  an  earthy 
liver  of  fulphur  in  cryftals. 

Barytic  fulphate,  when  expofed  to  a  violent  heat, 
fuch  as  that  of  a  porcelain  furnace,  &c.  melts  into  a 
glafs  more  or  lefb  coloured.  When  expofed  to  a  mo- 
derate heat,  It  fuffers  no  alteration.  If  carried  into  the 
dark,  after  being  expofed  for  a  little  to  a  ftrong  heat, 
it  exhibits  a  very  lively  bluifh  light.  Lemery  tells  us, 
that  an  Italian  fhoemaker,  named  Vincenzo  Cafciarolo, 
Vas  the  firft  who  dlfcovered  the  phofphoric  quality  of 
the  Bologna  ftone.  Finding  a  ftone  of  this  kind  at  the 
foot  of  Mount  Paterno,  its  bnghtnefs  and  gravity  made 
him  think  it  contained  filver.  He  expofed  it  to  fire, 
in  order  no  doubt  to  extraft  from  it  if  poffible  the  pre- 
cious metal,  and  obferved,  that  when  heated  it  gave 
light  in  the  dark.  Struck  with  the  difcovery,  he  re- 
peated the  experiment,  and  it  cpnftantly  fucceedeJ 
with  him.  A  number  of  chemifts  and  naturalills  have 
fucccfilvely  direded  their  attention  to  this  pliaenome- 
non,  and  have  calcined  Bologna  ftone  in  all  the  vari- 
ous ways  they  could  contrive.  The  works  of  Poterie, 
•  Mcntalben,  Mentzel,  and  Lemcrj^,  and  the  memoirs 
pf  Ilomberg,  Dufay^  and  Margraaf,  contain  a  variety 
of  proceffcs  for  performing  this  operation. 

Thi. 
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This  property  is  at  prefent  known  to  be  common  to 
all  the  varieties  of  barytic  fulphate.  They  are  made  red 
hot  in  a  crucible,  beaten  in  a  glafs  mortar  to  a  powder, 
formed  into  a  pafte  with  a  little  gum  tragacanth,  and 
divided  into  cakes  of  the  thicknefs  of  a  knife  blade. 
Thefe  cakes  are  dried,  and  expofed  to  a  violent  calci- 
nation among  coals  in  a  ftrong  drawing  furnace  ;  nor 
are  they  taken  out  till  the  coals  be  entirely  confumed 
and  the  furnace  cold.  The  aihes  are  then  blown  off 
them  with  a  pair  of  bellows  ;  they  are  expofed  to  the 
light  for  a  few  minutes  ;  and  after  this,  when  taken  in- 
to the  dark,  they  fhine  like  a  burning  coal.  Even  in 
water  they  emit  the  fame  fparkling  light,  but  gradual- 
ly lofe  the  property  ;  which  they  regain,  however,  on 
being  heated  anew.  But  many  fubftances  difplay  the 
iame  phacnomenon.  Magnefia,  chalk,  calcareous  ful- 
phate, and  calcareous  fluate,  &c.  become  luminous, 
after  being  heated.  Macquer  has  obferved  the  exifl- 
ence  of  the  fame  property  in  earth  of  alum,  fulphate 
of  potafli,  Brian^on  chalk,  and  black  gun-done  calci- 
ned : — ^from  which  it  appears  that  the  prefence  of  an 
add  is  not  abfolutely  neceffary  to  the  produftion  of 
this  phaenomenon.  Yet  fubftances  pofTeffing  an  acid, 
difplay  it  in  a  more  eminent  degree  than  others. 

Margraaf  could  obtain  no  produft  by  heating  bary- 
tic fulphate.  The  fubftance,  he  found,  fuffered  no 
alteration. 

This   fait   is   abfolutely   infoluble   in  water.      The 
earthy  and  the  falino-terrene  matters  a£t  not  upon  it. 
The  pure  fixed  alkalis  do  not  decompofe  it ;  which  is  . 
the  moft  lingular  of  all  its  properties.     All  the  other 
earths  and  falino-terrene  matters   have  a  weaker  affi- 

H  4  pity 


nity  than   the  fixed  alkalis  with  the  fulphuric  add* 

But  barytas  has  a  ftronger  aiSnity  with  the  acids  than 
thofe  lalts.     We  have  therefore  obferved,  after  Berg. 

man,  that  tftis  decompofes  both  fulphate  of  pota(h  and 

fulphate  of  foda.     It  has  the  fame  influence  on  ammo- 

niacal  fulphate. 

The  mineral  acids  cannot  afl:  on  barytic  fulphate ; 
for  the  fulphuric  acid  adheres  with  greater  force  than 
any  of  them  to  the  earthy  bafe  of  this  fait.     The  neu- 
tral falts,  excepting  carbonate  pf  potafh  and  of  Ibda, 
are  equally  incapable  of  adling  upon  barytic  fulphate. 
Thefe  two  faline  fubftances,  however,  deqompofe  it  by 
double  affinity.     The  barytes  is  feparated  from  the  ful- 
phuiic,  becaufe  it  is  attracted  by  the  carbonic  acid; 
while  the  fixed  alkali  afts  with  equal  force  on  the  ful- 
phuric acid.     This  decompofition  is  efFefted  by  expo- 
fmj;  to  a  ftrong  heat  in  a  crucible,  a  mixture  confifting. 
of  two  parts  of  carbonate  of  potafh  and  one  of  barytic 
fulphate  in  powder.      This   matter,  after  being  half 
vitrified  by  the  heat,  is  lixiviated  in  diftiljed  water. 
The  liquor  is  filtered,  and  then  affords,  by  evaporation, 
fulphate  of  potafh.     The  niattcr  which  remains  on  the 
filter  is  barytic  carbonate.     After  being  well  wafhed, 
}t  appears  in  the  form  of  very  white  fine  pulverulent 
matter,  but  is  almoft  always  contaminated  with  a  per* 
tion  of  barytic  fulphate,  which  has  efcaped  decompq- 
fition. 

As  combukflible  bodies  are  capable  of  decompofing 
this  fait,  we  may  make  ufe  of  them  when  we  wifh 
to  obtain  its  bafe  feparate.  When  a  powder  of  this 
fait,  mixed  with  a  portion  of  coal  equal  to  an  eighth 
part  of  its  weight,  has  been  expofed  to  fire  in  a  cru- 
cible, 
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ciblc,  for  two  or  three  houpa  after  the  crucible  became 
red  hot, — ^if  the  matter  be  afterwards  poured  into  di- 
ftiiled  water,  it  will  inftantaneoufly  communLcate  to 
the  fluid  a  reddifh  yellow  colour,  with  all  the  charac- 
teriftics  of  a  folulion  of  ezrthy /ulphur^ :  for  the  coat 
robs  the  fulphuric  acid  of  its  oxigene,  and  the  ful- 
phur  being  of  confequence  left  feparate,  combines  with 
the  barytes,  and  is  thus  reduced  to  fulpbure  or  bepar. 
This  folution  of  fulphure  may  be  precipitated  by  an 
acid.    The  muriatic  acid  is  preferred  for  this  purpofe, 
becaufe  it  combines  with  the  earth  to  form  a  foluble 
fait ;  whereas  the  fulphuric  acid  would  form  barytic 
fulphate,  which  is  infoluble.     The  liquor  is  next  fil- 
tered-   The  fulphur  feparated  by  the  acid  r-emains  on 
the  filter  ;  an(J  the  water  which  has  pafled  through  it 
holds  the  barytic  muriate  in  a  ftate  of  folution.     This 
folution  a^ain  may  be  dccompofed  by  a  folution  of  car- 
bonate of  potaih :   the  barytes,  combining  with  the 
carbonic  acid,   is  precipitated ;   and  ihefe  two  prin- 
ciples may  be  again  feparated  by  calcination,  as  we 
fliall  fhow  under  a  diflferent  article.     This  procefs,  which 
1  have  often  performed,  gives  but  very  little  barytes ; 
and  we  find  on  the  filter  through  which  the  folution- 
of  the  befar'h^  been  caufed  to  pafs,  after  being  pre- 
cipitated by  the  muriatic  acid, — nothing  but  a  few 
particles  of  fulphur,  unlefs  it  he  expofed  to  a  very  vio- 
lent heat.     To  promote  the  decompofition  of  thi^  earthy 
fait,  Bergman  and  Scheele  have  direfted  about  a  fourth 
part  of  fixed Jalt  of  tartar  to  be  added  to  the  mixture 
of  barytic  fulphate  and  coal.     The  fulphur  and  the  ' 
barytes  are  then  eafier  feparated  j  becaufe  the  fixed 
alkali  caufes  the  matters  to  fuffer  a  more  complete  fu- 
fion,  '  ^ 

.  From 
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From  thefe  two  procelTes  for  decompofing  barytic 
fulphate,  as  well  as  from  a  view  of  its  properties  in  ge- 
neral,  it  appears  that  the  earth  or  falino-terrene  fub- 
ftance^  which  is  the  bafe  of  this  fait,  is  of  a  peculiar 
nature,  differing  from  aluminous  earth,  lime,  and  mag- 
nefia. 

Bar}'tic  fulphate  is  of  fome  ufe  in  the  arts.  Phof- 
phoric  cakes  are  prepared  of  it,  and  the  barytes  which 
it  contains  is  extracted  for  the  ufe  of  chemical  laboni'* 
tories. 


Species  11.     Barytic  Nitrate. 

The  nitric  acid  combines  readily  with  barytes.  The 
refult  of  the  combination  is  a  neutral  fait,  in  large 
hexagonal  cryftals,  or  fmall  irregular  cryftals,  accord- 
ing to  M.  d*  Arcet.  It  is  with  great  difficulty  that  wc 
obtain  it  in  cryftals. 

Barytic  nitrate  is  decompofed  by  the  adion  of  fire, 
and  gives  out  vital  air. 

It  attra£t$  the  moifture  of  the  atmofphere.  A  confi- 
derable  quantity  of  water,  however,  is  requifite  to 
maintain  it  in  folution. 

Neither  the  pure  alkalis,  fand,  alumines,  lime,  nor 
magnefia,  decompofes  it. 

Sulphuric  acid  poured  into  a  folution  of  barytic  ni- 
trate, immediately  produces  a  precipitate  of  barytic 
fulphate.     The  fluoric  acid,  too,  robs  this  fait  of  its 

bafe. 

Alkaline  carbonate  decompofes  it  by  a  double  affi- 
nity. 

This  fait  is  but  very  little  known. 

Species 
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Species  III.     Barpic  Muriate. 

This  fait  has  been  as  little  examined  as  the  prece* 
ding.  Bergman  fays  that  it  is  fufceptible  of  cryftaU 
lization,  and  does  not  diflblve  eafily.  It  may  indeed 
be  obtained  in  oblong  fquare  cryftals,  pretty  much 
like  thofe  of  ponderous  fpar  in  tables. 

It  is  liable  to  no  alteration  or  decompofition  from 
fand,  aluminous  earth,  magnefia,  or  cauftic  alkali. 

The  fulphuric  and  the  fluoric  acids  decompofe  this 
fait  by  combining  with  its  bafe. 

Carbonate  of  potafh  or  of  foda  precipitates  the  ba> 
rytes  in  combination  with  the  carbonic  acid. 

Bergman  reckons  barytic  muriate  to  be  one  of  the 
moft  fenfible  re-agents,  and  propofes  to  deted,  by 
means  of  it,  even  the  fmallefl  portion  of  fulphuric  acid 
that  can  poflibly  be  contained  in  any  mineral  water. 
If  a  drop  or  two  of  a  folution  of  this  fait  be  poured 
into  about  three  pounds  of  water,  containing  twelve 
grains  of  fulphate  of  foda  in  cryftals,  it  will  immediately 
produce  barytic  fulphate  in  white  ftriac,  owing  to  the 
decompofition  of  both  the  falts,  and  the  union  of  the 
fulphuric  acid  with  the  barytes.  A  portion  of  muriate 
of  foda  remains  diffolved  in  the  liquor.  All  fulphuric 
falts  are  equally  aflefted  by  this  re-agent ;  which  al« 
ways  decompofes  them  to  form  barytic  fulphate. 

Species  IV.     Barytic  Borate. 

This  coiAbination  of  the  boracic  acid  with  barytes 
is  entirely  unknown.    Bergman  afferts  that  the  add 

of 


of  borax  is  among  thofe  which  have  the  lead  affinity 
vith  the  falino-terrene  fubflances,  and  ranks  it  in 
his  table  below  niofl  of  the  vegetable  and  .animal 
9cids. 


Species  V.     Barytic  FluaU. 

'  This  fait  is  as  little  known  as  the  preceding ;  and 
with  many  other  faline  matters  that  have  not  yet  been 
examined,  and  on  which  we  are  therefore  obliged  to 
be  very  brief,  affords  matter  for  new  experiments. 

Bergman,  in  his  dlffertation  on  cleftive  attradlions, 
afferts,  that  when  fluoric  acid  is  poured  into  a  folution 
of  barytic  nitrate  or  muriate,  it  occafions  a  prccipita- 
tion  ;  and  that  the  precipitate  thus  produced  cffervef- 
ces  with  the  fulphuric  acid,  which  expels  the  fluoric 
i^om  it. 

This  inftance  proves  the  fluoric  acid  to  have  a  great- 
cr  aflinity  with  barytes  than  either  the  nitric  or  the 
muriatic  acid  ;  and  ftiows,  that  it  forms,  with  this  fa- 
lino  terrene  fubftance,  a  fait  much  lefs  foluble  than 
barytic  nitrate  or  barytic  muriate. 


Species  VI.     Barytic  Carbonate. 

BaryT£s  combines  with  the  carbonic  acid  to  form  a 
neutral  fait  pofl'^fled  of  fome  fingular  properties,  and 
appearing  to  bear  fome  relation  to  chalk. 

We  have  already  obferved,  that  it  is  in  confequencc 
of  the  affinity  fubfifting  between  barytes  and  the  car- 
bonic 
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bonic  a.cid,  that  barytic  fulphate,  and  all  barytic  falls 
ia  general,  are  decompofeJ  by  alkali nj  carbonate.  Ic 
tht^fe  inftances,  barytic  carbonate  «is  alway.^  precipita- 
ted. This  fait  is  likewife  prepared  by  txpofij^  to  the 
air  a  folution  of  pure  bxiiytes.  The  furiacc  di  the  li- 
quor is  gradually  covered  with  a  pellicle*,  wiiicli  jfier- 
vefces  with  acids,  in  conf  -quence  of  the  eartn's  bcinj 
impregnated  with  carLonic  acid  from  the  arn'ic';:)here, 
and  becoming  thereby  Icfs  foluble.  This  -j^!>xnome- 
non  refembles  that  whirh  is  exhibited  by  lime-water; 
add  though  barytes  and  lime  differ  widely  in  many  of 
their  other  properties,  yet  here  is  a  flriking  analogy 
between  them. 

Barytic  carbonate  lofes  its  acid  when  expofed  to  fire. 
If  heated  in  a  retort  or  matras  fitted  to  a  pneumalo- 
chemical  machine,  it  gives  the  acid  in  its  natural  gafe- 
ous  form.  Yet  it  is  exceedingly  difficult  to  fcparate 
the  acid  entirely,  and  a  very  intenfe  heat  is  requifiie 
for  the  purpofe. 

All  the  mineral  acids  decompofe  this  fait,  and  difen- 
gage  the  carbonic  acid.  A  lively  elfervefcence  is  al- 
ways produced  on  the  occafion,  which  diflinguiihes 
this  fait  from  pure  or  cauftic  barytes.  Bergman  rec- 
kons an  hundred  weight  of  this  fait  to  contain  fe\'ea 
parts  of  carbonic  acid,  fixty-five  of  barytes,  and  ei^^ht 
of  water. 

Water  will  fcarce  diffolve  barytic  carbonate;  but 
when  it  is  itfelf  impregnated  with  carbonic  aciJ,  it  dif- 
folves  a  portion  of  this  fait  equal  to  an  1550th  part  of 
its  own  weight.  From  this  it  appears  that  barytic 
carbonate  is  flill  more  difncult  of  folution  than  pure 
©r  cauflic  barytes  :  for,  according  to  Bergman,,  water 

diflblves 
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diflblves  about  a  900th  part  of  pure  barytes.  This 
fait  therefore  appears,  in  this  inftaace,  to  be  fubjeft 
nearly  to  the  fame  laws  with  chalk  or  carbonate  of 
lime,  and  like  it  is  precipitated  when  the  carbonic  acid 
evaporates  from  the  water  which  maintained  it  in  fo- 
lution.  But  in  other  refpeds  there  is  a  wide  difier- 
cnce  between  them.  The  falts  which  barytes  forms 
"With  other  acids,  (how,  as  we  have  above  obferved, 
that  it  differs  effentially  from  lime. 

Barytic  carbonate  is  of  no  ufe.     It  is  found  in  na- 
ture*. 


CHAP. 


*  Barytic  carbonate  has  been  found  in  nature,  on  Alfton-moor, 
in  Cumberland ;  and  in  the  lead-mine  of  Anglefark,  in  Lancafhire. 
Its  teztnre  is  ftriated;  its  fpecific  gravity,  4>  33i-  Its  colour  is 
a  greyifh  white :  It  is  found  in  folid  maffes,  frequently  rounded, 
but  rarely  cryftallized.  Its  fra^ure  is  partly  fibrous,  pardy  con- 
choidal ;  Its  fragments  are  long  and  fplintery  :  Its  luftre  is  as  2 : 
Its  tranfparency,  2,  3  :  Its  hardnefs  from  5  to  6  of  Kirwan's  cfti- 
mate.  It  has  been  lately  found  in  Argylefhire  ;  or  Schlangenberg 
in  Siberia;  and  in  the  pit  of  Ifaacfund  near  Freyberg  in  Saxon j. 
H. 
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CHAP-        II. 


Recapitulation  and  Comparifon  of  the  Mineral  Salis^ 


AFTER  the  above  account  of  the  prefent  ftate  of 
chemical  knowledge  refpefting  the  properties  of 
mineral  falts,  it  may  next  be  proper  to  take  a  brief 
comparative  view  of  the  principal  charafteriftics,  and 
the  mutual  affinities  of  thefe  bodies. 

I.  Salts  are  diftinguiffied  by  four  general  properties  ; 
tafte,  tendency  to  combination,  folubility,  and  incom- 
buflibility.  Thefe  properties  exift  in  various  degrees 
of  energy ;  and  the  various  degrees  of  their  energy  con- 
ftitute  the  eflential  differences  which  diverlify  faiine 
matters. 

II.  All  falts  may  be  arranged  under  four  orders  or 
four  principal  genera.  i.  Sallno-terrene  fubftances, 
which  poflefs  the  properties  of  both  earths  and  falts. 
2.  Alkalis,  the  charaderiftics  of  which  are,  an  urinous 
tafte,  and  the  property  of  converting  many  blue  vege- 
table colours  to  green.    3.  Acids,  diftinguiihed  from 

other 
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(Jther  falts  by  their  four  tafte,  and  by  communicating 
a  red  colour  to  blue  vegetable  matters.  4.  Middle  or 
neutral  falts,  which  differ  from  the  preceding,  as  being 
of  a  weaker,  but  a  mixed  faline  bitter  tafle,  and  being 
lefs  foluble,  &c. 

III.  There  are  three  falino-terrine  fubftances ;  pon- 
derous earth  or  barytes,  magnefia,  and  lime.  Their 
properties  are  pretty  well  known ;  but  of  their  com- 
ponent principles  we  art  ignorant.  No  chemift  has 
hitherto  feparated  any  of  thefe  bodies  into  diftinft  prin- 
ciples,  or  formed  them  by  combination.  They  are, 
therefore,  aftually  fimple  in  refpe£t  to  the  prefent  flatc 
of  the  fcience.  But  they  hiay,  one  day,  perhaps  be 
decompofed. 

IV.  We  know  of  three  alkalis ;  potafh,  called  alfo 
megetable  Jixed  alkali  and  alkali  of  tartar  ;  foda,  like- 
wife  known  under  the  name  of  mineral  alkali  or  ma- 
rine alkali ;  ammoniac  or  volatile  alkali.  The  two  firft 
of  thefe  are  dry,  folid,  cauftic,  fufible,  liable  to  deli- 
quiate,  &c.  When  pure,  it  is  impoflible  to  diftinguifli 
between  them  ;  but  they  are  readily  difcriminated  bj 
the  manner  in  which  they  combine  with  adds*  Hi- 
therto we  have  obtained  no  certain  experimental  know- 
ledge of  their  intimate  compofition  :  No  perfon  has  yet 

.  feparated  them  into  principles,  or  formed  them  by  com^ 
bination. 

The  opinion  which  reprefents  them  as  compounds 
of  earth  and  water,  is  nothing  more  than  an  ingenious 
fancy,  which  muft  be  given  up  becaufe  it  is  fupported 
by  no  pofitive  fads.  Ammoniac  differs  from  tbem  in 
appearing  under  the  form  of  an  elailic  fluid,  Ilrongly 

•dorous,  and  fufceptible  of  an  amazing  expanfion,  &c. 

I? 
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It  is  at  prefent  known  to  confiil  of  the  bafes  of  two  ga- 
feous  fubftances, — inflammable  gas  or  hydrogene,  and 
atmofpheric  mephitis  or  azote.  It  is  decompofed  on 
fome  occafions,  and  on  others  formed  by  combination. 
It  appears  that  the  two  fixed  alkalis  likewife  contain 
azote,  and  that  this  fubftance  may  be  confidered  as  the 
alkalifying  or  alkaligenous  principle. 

V.  There  are  fix  acids  with  which  we  are  well  ac* 
quainted  ;  the  carbonic,  the  muriatic,  the  fluoric,  the 
nitric,  the  fulphuric,  and  the  boracic  acids.  Elach  of 
thefe  is  diflinguifhed  by  its  peculiar  properties.  The  car- 
bonic, the  muriatic,  and  the  fluoric  acids,  are  very  eafily 
made  to  afTume  the  elaflic  or  aeriform  flate.  The  cafe 
is  not  the  fame  with  the  nitric  and  the  fulphuric  acids. 
The  boracic  acid  is  concrete  and  ctyftalline.  The  arfe- 
nic,  the  molybdic,  and  the  tunflic  acids,  of  which  we 
are  to  fpeak  in  a  kind  of  appendix  to  this  part,  are  con- 
crete, but  pulverulent,  and  never  cryflalline. 

VI.  We  are  now  beginning  to  underfland  the  nature 
of  the  acids  much  better  than  formerly.  The  hypothe- 
fis  which  reprefented  them  as  compounds  of  earth  and 
^•ater  has  been  demonflrated  to  be  quite  improbable. 
The  oxigenous  principle,  which  is  the  bafe  of  vital  air, 
is  known  to  enter  for  one  principle  into  their  compofi- 
tion.  And  an  acid  is  often  formed  by  the  union  of  oxi- 
gene  with  fome  combuflible  fubflance ;  with  coal,  in 
the  carbonic  acid  ;  with  fulphur,  in  the  fulphuric  ;  and 
with  azote,  in  the  nitric  acid.  Another  faft  which 
concurs  to  prove  that  oxigene  is  a  conftituent  prin- 
ciple  in  acids,  is,  the  formation  of  a  great  many  pecu- 
liar acids  by  the  afltion  of  the  nitric  acid  on  combu- 
ftible  bodies. 

V01-.  II.  I  VII. 
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VII.  The  acids  unite,  without  fuffering  dccompofi. 
tion,  with  alumine  barytes,  magnefia,  lime,  the  fixed 
alkalis,  and  ammoniac.  From  thefe  combinations 
there  refult  a  great .  many  neutral  falts,  which  are 
called  compound^  middle^  or  neutral.  The  fubftances 
which  in  thefe  faline  combinations  neutralize  the  acids, 
are  called  bafes. 

VIII.  The  properties  of  the  middle  or  neutral  falts 
are  diflferent  from  thofe  of  their  component  principles ; 
in  moft  of  them  it  is  impoffible  to  recognize  any  of  the 
properties  of  either  the  acid  or  the  bafe.  The  bafe, 
however,  appears  to  communicate  fome  general  oi 
common  properties  to  neutral  falts ; '  for  which  rea- 
fon  we  have  claffed  them  into  genera  by  their  bafes. 

IX.  On  this  principle  there  are  fix  genera  of  neu- 
tral falts,  the  order,  the  compofition,  and  the  nomen- 
clature of  which,  it  may  here  be  proper  to  lay  again 
before  the  reader. 


Genus  I      Neutral  Salts,   with  a  bafe  of  Fixed  Ar 

kalu 

Speciet.  Ancicne  Nsinet. 

I.  The  fulphuric  acid  with  potafh, 

C  Vltriolated  tartar^  fa!  de  dneht, 
Sulphate  of  potash.  •<      arcanum  dupUcatum^  vM^^ 

II.  The  fulphuric  acid  widi  foda. 

Sulphate  of  soda.  Glaulerfalt^  vitriol  of  foda* 

III.  The  nitric  acid  with  potafh. 

Nitrate  of  potash.  Common  nitre jfaitpeire 

IV.  t:  : 


Sabs, 

Specie*.  ^ 

IV.  Tlie  nitnc  acid  with  foda- 

V.  The  mariadc  acid  with  potaft. 

L     ^J*^^,  r^tmerated  marime/aS. 
VL      The  mnriatic  add  with  foda. 

L     huhmjab,  •'    * 

^1L  The  boracic  acid  with  potaft. 

Bo.«E  OP  ,0T«„.  F^euMhroM. 

VUr.  The  boracic  acid  with  foda. 

So'taSATWRATED  BOKATE  J 

or  SODA,  or  BOEAX.  it  ^**'^  *«w»  i&cid/. 

IX.  Tbe  flaoric  acid  with  potafli. 

FtUATE  OF  TOTAEH  J  Spalbo/e  tartar, 

\Sfar  of  tartar 

X.  The  flaoric  acid  with  foda, 

Fi.a*TE  o,  EODA.  SfarryfiJa. 

XI.  The  carbonic  add  with  potafli. 

CAaaoNATE  OF  roTASR.  J  Creiaetomi  tartar. 

\  Cbaii  ofpottfi,. 

^"'  The  carbonic  add  with  foda. 

Caebonate  or  joda.  J"  Cretaeeoiu/oJa. 

LCbaaof/oda. 

Genus  IL    Ammoniacal  Neutral  Salts, 

f   in.    r  t  ,       .  Anticnt  Names. 

'•  •"»€  fulphuric  acid  with  am- 
moDiac. 

Ammoniacal  sulfhatje.  S  ^^^^''^'f^ei/mmomacalfob^ 

'  ^  !!•  The 
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Species* 

II.  The  nitric  acid  with  ammo- 
niac. 
Ammoniacal  nitrate.  jimnumacal nitre* 


Ancient  Namci. 


III.  The  muriatic  aqid  with  am- 
moniac. 
Ammoniacal  muriate. 


Sal  ammomac. 


IV.  The  fluoric  acid  with  ammo- 
niac 

Ammoniacal  fluatz. 

V.  The  boracic  acid  with  ammo- 

niac. 

Ammoniacal  borate. 

VI.  The  carbonic  acid  with  am- 
moniac. 

Ammoniacal  carbonate. 


CEngn/bfalvolatUe. 
<  CoTurete  volatile  olkaR, 
{^Ammoniacal  chalk. 


Genus  HI.     Calcareous  Neutral  Salts. 


Species. 

I.  The  fulphuric  acid  with  lime* 

Calcareous  sulphate. 


Ancient  Names. 


(PUJler. 
\  Gypfum. 
y  Selemte. 
{^Calcareout  wtrioL 


II.  The  nitric  acid  with  lime. 

Calcareous  nitrate.  Calcareous  nitre. 


III.  The  muriatic  acid  with  lime. 

r^  C  Fixed  fat  ammomac,  oihf  /*«••• 

Calcareous  muriate.  ^  n  r  A 

{^  Calcareous  marme/ait. 

It  Ttf 
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Spfcla.  Andent  Names. 

IV.  The  fluoric  acid  with  lime- 

C  Cubic /par,  vitreous  J^^  fu/ibU 
Calca&zous  fluatb.  -J     ff*ar  or  fiuor^  IP**"^  fivwr^ 

(^    Jluoraied  lime, 

V.  The  boracic  acid  with  lime. 

Calcaacous  borate. 

VI.  The  carbonic  acid  with  lime* 

^  C  Chalh,  cakaremu  fpar^  cakaremu 

C  At  BON  ATE  or  LIME.  -J  'f  •'^ 

Genus  LV.     Magncjian  Neutral  Salts. 

Spcciei.  Ancient  Names. 

L  The  falpbaric  acid  with  mag- 
nefia. 

SjU  of  Epfomor  SfJ/Uz^  Utter 
Magmesiam  soLPHATS.  A      cotbortic foltj  vltrkl  oj 


II.  The  Ditnc  acid  with  magnefia. 

Magnesiah  nitrate. 

III.  The  mnriafic  acid  with  mag- 
neda. 

Macnesian  muriate.  Manrufaltf  with ahafe of  magne/ia* 

IV.  The  fluoric  acid  with  mag- 
nefia. 

Magnesias  fluate. 

V.  The  boracic  acid  with  roag- 

nefia. 

Macnesian  borate. 

VI.  The  carbonic  acid  with  mag- 
nefia. 

CEfirvefcent  magnejia* 
Magm£SIA9I  CARi;0NAT£.  -J  Mild^  aerated  mjgiujuu 

C  Miignefian  ciali, 

I  j  Genuf 
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Genus  V.    Aluminous  Neutral  Salts. 


5pecies.  Ancient  Names. 

I.  The  fulphuric  acid  with  alu- 
minous earth. 
Aluminous  sulphate.  Alum^  vitriol  of  ck^. 

U.  The  oitric  acid  with  alumi- 
nous earth. 

AlUMINOOS  nitrate.  I  jy*.^  j^^ 

lIL  The  muriatic  acid  with  alu- 
minous earth. 

C  Armllacetnu  marine  fak* 
Alominoos  muriate.  I  ^^^  ^^^^ 

IV.  The  fluoric  acid  with  alumi- 
nous earth. 

r  Sparry  clay. 
Aluminous  fluate.  |  Argillaceous  fuor. 

V.  The  boracic  acid  with  alumt- 

nous  earth. 

Aluminous  borate.  Ar^lactwu  boram. 

VI.  The  carbonic  acid  with  alu- 
minous earth. 

C  EffervefcetU  clay. 
Aluminous  carbonate.         |  ArgiUacewt  cMl. 

Genus  VI.     Neutral  Salts^  with  a  Bafe  of  Barjies,  ir 

•     Barytic  Neutral  Salts. 

m 

Species.  Antient  Nim«. 

I.  The  fulphuric  acid  with  barytes. 

{Ponderous  Jhaf% 
Barotic  vitriol. 

If.  Tb: 
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^p:acf.  Ancient  Names. 

II.  Tlic  nitric  acid  with  barjtes. 

_  r  Ponderous  nitre. 

Baltic  nitrate.  |  ^^^^^^  ^^^^^ 

III.  The  moriatic  acid  with  ba- 
lytcs. 

Ba&ytic  mum  ate.  ^       Ponderous  marine  f*ilt. 

IV.  The  fluoric  acid  with  barytes. 

Baeytic  fluate. 

V.  The  boracic  acid  with  barytes. 

Bajiytic  borate. 

« 

VI.  The  carbonic  acid  with  ba-     C  j4eraied ponJeroiU  iartb. 

ry  tcs.  -J  Cretaceous  ponderous  earth. 

Barttic  carbonate.  LBarotlc  chalk. 

X.  To  thefe  neutral  falts  we  may  join  thofe  which  owe 
their  nature  to  the  arfenic,  the  molybdic,  the  tunilic, 
and  the  fuccinic  adds  \  calling  the  firil,  arfeniates  of 
potajh^  rffodaj  Iffc. ;  the  fecond,  motybdates  of  potajb^ 
cf  foda^  amnwniacaly  calcareous^  Isfc.  ;  the  third,  iuti' 
ftates  ofpotajh^  offoda^  of  lime^  \5fc. ;  the  fourth,  fuC' 
cinaies  ofpotajhy  magnefia^  aluminous  earthy  \Sfc.  We 
ihall  treat  of  thefe  four  genera  of  neutral  falts  in  the 
hiflory  of  metallic  and  bituminous  fubftances. 

XL  Each  particular  fait,  whether  Ample  or  neutral^ 
poflfelfes  certain  peculiar  charaderidics,  by  which  it 
may  be  diftinguifhed  from  ail  the  reft.  Thefe  charac* 
teriftic  properties  are  tafte,  form,  and  alterability — ^by 
fire,  air,  earths,  and  the  various  faline  fubdances.  In 
order  to  learn  to  diftinguifh  faline  bodies  readily,  we 
muft  carefully  ftudy  all  their  properties,  compare  them 

with 
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with  one  another,  and  mark  their  differences  and  con« 
trarieties.  ^^ 

XII.  Tho*  moft  fimple  fahs,  and  ftill  more  the  neutral 
faits,  be  almod   always  produds  of  art,  yet  nature 
fometimes  affords  them  at  the  furface,  or  a  very  little 
beneath  the  furface  of  the  earth.     Pure  bary tes  or  niag- 
nefia  has  not  been  yet  found  in  nature.     Places  lying 
near  volcanoes  afford  lime  :  the  fixed  alkalis  never  ap- 
pear in  a  caudic  (late,  but  always  in  combination  with 
acids  on  the  furface  of  the  earth :  the  carbonic  acid  is 
diffufed  through  the  atmofphere,  fills  fome  fubterra- 
neous  cavities,  and  exhales  from  certain  waters :   the 
muriatic  acid  appears  to  exift  in  a  free  (late  on  the  fur- 
face of  the  fea :  the  fluoric  acid  is  never  found  but  in 
combination  with  lime :  the  nitric  acid  is  found  beftde 
or  among  putrifying  matters :  the  fulphuric  acid  has 
been  found  in  cryftals  by  M.  Baldodari  in  a  grotto  be- 
longing to  the  baths  of  St  Philip  in  Italy,  and  by  M . 
Dolomieu  in  a  grotto  on  Mount  Etna.     M.  Vandelli 
has  obferved,  that  in  the  neighbourhood  of  Sienna  and 
Viterbo,  a  folution  of  the  fulphuric  acid  in  water  fil- 
trates through  the  rocks.    The  fulphureous  acid  is  con- 
tinually difengaged  in  places  expofcd  to  the  force  of 
volcanic  fires.     M.  Hoefer  has  obferved  the  boracic 
acid  in  folution  on  the  water  of  feveral  lakes  in  Tuf- 
cany. 

XIII.  Of  the  forty-two  principal  *  fpecics  of  neu- 
tral falts,  of  v/hich  we  have  given  the  hiftory,  only  the 

following 
♦  Wc  fpcak  not  here  of  the  modifications  of  thcfe  falts  called/s/- 
phiifj,  nUritcSf  ox:^ttuUed  muriates  ^  isSc.  nor  of  the  twcnty«e5ght  fpe^ 
cies  which  owe  their  formation  to  the  metallic  and  bituminous  acids : 
the  number  of  the  neutral  falts  would  by  that  means  be  much  increa- 
fed  j  and  bcGdes,  itdoesnot  appearthat  tliefefalts  czift  in  natiire.  H. 
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following  perfed  neutral  falts,  that  is,  with  a  bafe  of 
fixed  alkali,  are  to  be  found  on  the  furface  of  the  earth, 
in  the  waters,  or  in  the  fluids  of  organized  bodies :  Sul- 
phate of  potafl)  in  vegetables  ;  ^fulphate  of  foda  in  wa- 
ter and  in  fome  plants  ;  nitre  in  vegetable  juices,  and 
in  earths  impregnated  with  putrid  matters  ;  muriate  of 
potafli  in  waters  and  in  marine  plants  ;  muriate  of  foda, 
in  earth,  water,  vegetables  growing  on  the  fea  fliore, 
and  animal  humours ;  carbonate  of  potash  in  vege^ 
tables ;  carbonate  of  foda  in  an  efflorefcence,  to  the 
earth,  on  ftones,  and  in  animal  humours  ;  there  is 
fome  uncertainty  in  refped  to  borax.  Nitrate  of  foda, 
fiuate  of  potafli,  fluate  of  foda,  and  borate  of  potafl),  are 
always  products  of  art. 

XIV.  We  know  of  no  ammoniacal  falts  exifling 
ready  formed  in  nature,  but  ammoniacal  muriate,  which 
is  found  in  places  contiguous  to  volcanoes,  and  ammo« 
niacal  carbonate  which  is  formed  in  putrid  animal  mat- 
ters :  ammoniacal  fulphate,  ammoniacal  nitrate,  ammo- 
niacal fluate,  and  ammoniacal  borate,  are  always  form- . 
ed  by  the  chemift:  in  his  laboratory. 

XV.  Calcareous  neutral  falts  abound  over  the  fur- 
face  of  the  globe.  We  know  but  of  fix  fpecies  of  this 
genus  of  neutral  falts ;  and  five  of  thefe  have  been  found 
in  nature.  Calcareous  fulphate  or  felenite  exifls  in 
pretty  extenfive  ftrata  in  hills  :  carbonate  of  lime,  or 
calcareous  matters,  compofes  a  confiderable  part  of  the 
exterior  flrata  of  the  globe :  calcareous  nitrate  is  al- 
ways found  with  common  nitre  in  the  beds  in  ^hich 
it  is  produced :  calcareous  muriate,  in  like  manner,  al- 
ways accompanies  muriate  of  foda :  calcareous  fluate  is 
found  in  great  plenty  in  mines. 
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XVL  Magnefian  falts  are  much  lefs  copious  In  na^ 
ture  ;  none  of  them  but  magnefian  fulphate  and  mag- 
nefian muriate,  which  are  found  diflblved  in  various 
waters,  can  be  faid  to  exijl  in  nature :  magnefian  ni- 
trate indeed  is  fometimes  met  with,  but  always  in  very 
trifling  quantities.  Nature  has  not  yet  exhibited  to 
our  obfervation  either  magnefian  borate,  magnefian 
fluate,  or  magnefian  carbonate.  The  iaft  of  thefe,  how- 
ever, appears  to  exift  in  fome  ft  ones. 

XVIL-  Barytic  fulphate  is  the  only  one  of  the  fix  ba- 
tytic  neutral  falts  that  has  been  found  in  any  abun- 
dance in  the  mineral  kingdom.  It  is  found  in  the 
cliffs  of  hills,  and  always  in  the  neighbourhood  of 
mines.  Neither  barytic  nitrate,  muriate,  borate,  nor 
fiuafte,  has  as  yet  been  known  to  exift  in  nature  ;  but 
pure  barytic  carbonate  was,  fome  years  ago  dif- 
covered  in  England,  finely  cryftallized,  and  in  large 
mafles. 

XVIII.  Aluminous  fulphate  is  almoft  the  only  alu- 
minous fait  found  in  nature.  It  is  met  with  in  places 
adjacent  to  volcanoes,  and  among  earths  that  have 
beex>  expofed  to  the  adion  of  volcanic  fires.  It  appears 
alfo  in  an  efflorefcence,  on  decompofed  lava,  &c.  Py- 
rites in  an  efilorefcent  ftate  likewife  contains  a  portion  of 
it.  As  to  aluminous  nitrate,  muriate,  borate,  or  fluate, 
thefe  are  never  found  among  the  produds  of  nature. 
Aluminous  earth  is  often  combined  with  the  carbonic 
acid,  and  there  is  fcarce  any  earth  of  the  kind  from 
which  more  or  lefs  of  the  carbonic  acid  may  not  be 
obtained  by  ftronger  acids; 
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Ah  ExamsHatioM  tf  fome  general  Properties  of  Salts ^  par^ 
ticularly  Crj/laUizalionj  Fujibilitjj  tendency  to  Effl^- 
refu  cr  Delifuiate^  Solubility  ^  l^c. 


F\  our  hiftory  of  (imple  and  neutral  ialts,  we  hare 
coniidered  the  properties  of  each  fait  feparately : 
but  it  may  be  likewile  prdper  to  compare  them ;  for, 
from  the  comparifon,  we  may  be  able  to  deduce  fome 
generad  principles  concerning  them.  Here,  then,  let  us 
confider  in  this  point  of  view  the  cryftallization,  fu« 
(ibility,  efflorefcence,  deliquefcence,  and  folubility  of 
fairs. 

Cryftallization,  confidered  as  a  general  property  of 
bo<lies,  is  a  property  by  which  they  tend  to  afTume  a. 
reguIsLT  form,  when  placed  in  circumftances  favourablt^ 
to  that  particular  dlfpofition  of  their  particles.  Almo{( 
all  minerals  poflefs  this  property ;  but  it  is  mod  emi^ 
nent  in  faline  fubftanct^•  The  circumftances  which  are 

favourable 
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favourable  tb  the  cryflalHzation  of  falts,  and  without 
which  it  indeed  cannot  take  place,  may  be  all  reduced 
to  the  two  following :  i.  Their  particles  muft  be  di- 
vided and  feparated  by  a  fluid,  in  order  that  the  cor- 
refponding  faces  of  thofe  particles  may  meet  and  unite. 
1.  In  order  that  this  union  may  take  place,  the  fluid 
which  feparates  the  integrant  parts  of  the  fait  muft  be 
gradually  carried  off,  fo  that  it  may  no  longer  divide 
them.  From  this  it  may  be  undcrftood,  that  cryftaU 
lization  takes  place  by  virtue  of  the  mutual  affinity 
fubfifting  between  the  particles  of  cryftallizable  bodies, 
by  which  they  tend  to  unite  into  one  aggregate  mafs. 
Thefe  confiderations  lead  us  to  think  that  the  integrant 
parts  of  falts  have  peculiar  forms :  and  that  the  form 
of  the  integrant  parts  of  the  fait  gives  to  the  cryftal  its 
particular  figure.  The  fame  confiderations  lead  us 
farther  to  conclude,  that  the.  integrant  particles  of  falts 
are  fmall  irregular-fided  polyhaedrons,  fome  of  their 
faces  being  larger,  others  fmaller,  and  that  the  largeft 
of  their  faces  moft  naturally  meet  and  unite.  This 
being  allowed,  it  will  be  readily  underftooc^  that  when 
the  fluid  which  feparates  thefe  particles  is  carried  off, 
their  correfponding  faces  will  reunite  j  and  if  the  fluid 
go  oft'  flowly,  fo  as  to  give  the  faline  matters  time  for 
a  regular  arrangement,  arid  to  allow  them  to  bring 
their  correfponding  faces  into  contaft,  the  cryftalliza- 
tion  will  then  be  regular.  B'lt  again,  if  the  fluid  be 
too  quickly  carried  off",  the  faline  particles  muft  unite 
haftily,  not  by  their  correfponding  faces,  but  by  thofe 
which  are  the  moft  contiguous  to  each  other,  and  the 
cryftallizatiou  will  then  be  irregular,  and  the  form  of 
the  cryftals  not  eafy  to  determine.     Nay,  if  the  folu* 

tioa 
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tion  be  very  fuddenly  evaporated,  the  fait  will  appear 
in  a  concrete  mafs,  with  nothing  of  a  cryftalline 
form, 

Thefe  are  the  principles  on  which  we  proceed  when 
we  attempt  to  make  faline  matters  aflume  the  cryftaU 
line  form.     All  falts  are  fufceptible  of  cryftallization  ; 
but  they  do  not  all  cryftallize  with  equal  readinels. 
Some  falts  cryftallize  fo  readily,  that  we  can  make  them 
affume  the  cryftalllne  form  at  pleafure.     Others  ag^n 
require  more  care  and  many  precautions*    And,  laftly, 
there  are  feveral  which  we  have  not  yet  been  able  to  . 
obtain  In  cryflals.     In  order  to  fucceed  in  attempts  to 
cryftallize  falts,  it  is  requifite  for  us  to  be  well  ac- 
quainted with  the  circumftances  moil  favourable  to  the 
cryftallization  of  each.    In  fuch  operations  it  is  a  ne- 
ceifary  condition  that  the  faline  fubftances  be  firft  diC- 
folved  in  water :  but  fome  falts  are  fo  difEcult  of  folu^ 
don,  that  it  is  almoft  impoflible  to  make  their  integrant 
particles   unite  regularly.      Such  are  calcareous  fuU 
phate,  calcareous  carbonate,  calcareous  fluate,  and  ba- 
rytic  fulphate.     In  nature,  thefe  neutral  falts  are  daily 
met  with  in  very  regular  cryftals.;  but  art  cannot  imi- 
tate them  but  by  a  very  tedious  procefs ;  nay,  a  num- 
ber of  eminent  chemifts  deny  the  poftibility  of  any 
fuch  procefs.     I  take  my  account  of  it  from  M.  A- 
chard,  who  aflerts,  that  by  this  procefs  he  obtained 
calcareous  carbonate  in  cryftals.     This  ingenious  pro- 
cefs confifts  In  making  water  that  has  long  ftood  over 
thofe  falts  which  diifolve  with  fo  much  difEculty,  to 
run  along  a  very  narrow  canal,  and  there  evaporate 
very  flowly.     Again,  there  are  other  faline  matters  fo 
foluble,  and  fo  much  difpofed  to  remain  in  union  with 

water. 
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water,  that  it  is  excfeedingly  difficult  to  feparate  them 
from  it,  and  make  them  cryftallize  regularly.  This 
is  the  charafter  of  all  deliquiating  fairs,  fuch  as  calca- 
reous and  magnefian  nitrate  and  muriate. 

Each  particular  fait,  no  doubt,  muft  cryftallize  in  a 
way  peculiar  to  itfelf ;  or,  what  is  the  fame  thing,  the 
mod  minute  particles  of  every  faline  fubftance  muft 
have  a  determinate  form,  by  which  they  are  diftin- 
guiihed  from  the  integrant  particles  of  every  other  fa- 
line matter.  This  is  doubtlefs  the  caufe  of  that  amazing 
variety  of  forms  which  cryftalline  bodies  exhibit.  The 
fimple  fairs,  from  the  falino-terrene  fubftances  to  the 
ftronger  acids,  have  fcarce  ever  a  diftinft,  determinate 
form:  and  there  are  but  a  few  circumftances  which  can 
caufe  them  to  cryftallize  without  totally  deftroying 
their  faline  properties  ;  which  actually  happens  to  the 
oxigenated  muriatic  and  the  concrete  fulphuric  acids. 
The  cauftic  alkalis,  however,  cryftallize  in  plates,  ac- 
cording to  M  Berthollet,  and  the  acid  of  borax  is  well 
known  to  exhibit  the  fame  figure.  But,  excepting 
thefe  two,  none  of  the  fimple  falts  can  be  made  to  af- 
fume  any  regular  form,  either  becaufe  their  nature 
does  not  admit  of  it,  or  becaufe  the  means  which  wc 
employ  are  inadequate  to  the  purpofe*  But  all  the 
neutral  or  middle  falts  naturally  afiedb  a  regular  form, 
and  we  can  even  caufe  moft  of  them  to  afiume  or  re- 
fign  it  at  pleafure.  When  we  confider  this  property  by 
which  neutral  falts  are  fo  eminently  diflinguifhed  from 
the  fimple,  we  are  at  a  lofs  to  determine  whether  it  be 
owing  to  the  acids  or  to  the  alkaline  bafes  by  which 
they  are  neutralized :  but  it  cannot  be  exclufively  a- 
fcribed  to  either  the  one  or  the  other ;  for  the  fame  a- 

cid 
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cid  in  combination  with  various  bafes  often  forms  cryr 
ftals  of  a  great  variety  of  figures  ;  while  again  the  fame 
bafe  in  combination  with  various  acids  often  exhibits  a 
like  diverfity  of  forms.  The  cryftallization  of  neutr2Ll 
falls  is  therefore  to  be  afcribed  to  a  total  change  of  the  , 
properties  of  both  the  acid  and  the  bafe. 

There  are  three  ways  of  making   falts  cryftaliize, 
commonly  pradifdd  in  the  laboratory,     i.  The  firft  is 
evaporatian.     This  procefs  confifts  in  heating  a  faline 
folution  till  the  water  by  which  its  particles  are  kept 
feparate  be  reduced  to  vapour.     The  flower  the  eva- 
poration,  fo  much  the  more  regular  will  the  cryftalliza- 
tion of  the  falts  be.     The  procefs  for  cryftallizing  ful- 
pfaate  of  polafh,  muriate  of  potafh,  muriate  of  foda, 
calcareous  fulphate,  and  magnefian  carbonate,  is  con- 
dttded  on  this  principle.     When  a  folution  of  any  of 
thefe  falts  is  evaporated  by  a  boiling  heat,  the  form  in 
which  the  fait  is  obtained,  is  far  from  being  regular : 
but  if  placed  on  a  fand  bath,  of  the  heat  of  nearly  133® 
15'  F.  the  fame  folution  conftantly  gives  cither  fooner 
or  later  very  beautiful  regular  cryftals :  And  there  is 
fcarce  any  fait  which  may  not  be  made  to  afTume  a  re- 
gular    form    by  this    procefs    judicioufly  conduced. 
2.     Cooling  is  fuccefsfully  applied  to  cryftailize  fuch 
falts  as  are  more  foluble  in  warm  than  in  cold  water. 
It  is  cafy  to  fee,  that  a  fait  of  this  nature  will  cr}'ftal- 
lize  as  foon  as  the  water  in  which  it  is  diflblved  be- 
comes incapable  of  maintaining  it  fully  in  folution,  in 
confequence  of  its  temperature  being  diminiflied.    That 
portion  of  the  fait  which  owed  its  folution  to  the  tem- 
perature of  the  fluid,  is  gradually  feparated  «as  the  li- 
quor cools ;  and  when  the  water  becomes  quite  cold, 

no 
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no  more  of  the  fait  remains  diflblved  but  what  is  fo 
Ittble  in  cold  water.  In  this  procefs,  as  in  the  former, 
when  thefolution  is  cooled  the  mod  flowly,  and  the  faline 
particles  are  fuffered  to  unite  their  correfponding  fa- 
ces, the  cryftals  are  then  moft  regular  :  And  therefore 
folutions  of  falts  ihould  be  for  fome  time  expofed  to  a 
certain  degree  of  heat ;  which  (hould  be  afterwards  di- 
miniihed  gradually  till  it  be  reduced  to  the  lowed  de- 
gree requifite.  It  is  to  be  obferved,  that  all  falts  fu- 
fceptible  of  cryftallization  by  this  procefs,  are  in  gene- 
ral much  more  foluble  than  thofe  which  are  cryftallized 
by  the  firft  procefs ;  as  they  are  at  firft  diflblved  is 
boiling  water,  if  the  folution  he  fuddenly  cooled,  the 
fait  falls  to  the  bottom  in  a  fhapelefs  mafs  ;  but  if  put 
on  a  fand-bath,  and  flowly  cooled,  the  cryftalUzation  is 
always  regular.  By  this  means  fulphate  of  foda,  nitre, 
carbonate  of  potaih,  carbonate  of  foda,  ammoniacal 
muriate,  &c.  are  obtained  in  fine  cryftals* 

3.  The  third  method  of  cryftallizing  falts  is  fpontaneoos 
evaporation.  This  is  obtained  by  expofing  a  very  pure 
folution  of  the  fait  which  we  wifli  to  cryftallize,  to  the 
temperature  of  the  atmofphere  in  a  glafs  or  ftone  vef- 
fel  covered  with  gauze  ;  which  prevents  any  duft  from 
falling  into  the  liquor  without  retarding  the  evapora- 
tion. The  veiTel  with  the  folution  is  to  be  fet  afide  i& 
an  apartment  not  otherwife  occupied,  and  there  fuffer- 
ed to  remain  till  cryftals  appear ;  four  or  five  months, 
or  perhaps  a  longer  fpace,  will  fometimes  elapfe  before 
that  happen.  The  largeft  and  moft  regular  cryftals  are 
ufually  obtained  by  this  procefs.  Did  time  allow,  it 
might  be  applied  to  all  falts  ;  for  by  means  of  it  they 
are  obtained  in  the  higheft  purity.     It  is  abfolutely  ne- 

ccffary 
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ceflary  for  the  cryftallization  of  nitrate  of  foda,  miu 
riate  of  foda,  borax,  aluminous  fulphale,  magnefian 
fulphate,   ammoniacal  fulphate,    ammoniacal   nitrate. 

On  fome  occadons  two  or  more  of  thefe  proceffes  are 
employed  together ;  as  for  inftance,  in  the  cryftal- 
lization of  falts  which  have  a  ftrong  tendency  to  de- 
liquiate,  fuch  as  calcareous  nitrate,  calcareous  mu- 
riate, magnefian  nitrate,  and  magnefian  muriate.  So- 
lutions of  thefe  falts  are  firft  powerfully  evaporated,  and 
then  expofed  to  an  extreme  cold.  But  this  method 
never  gives  regular  cryftals ;  and  fometimes  we  obtain 
by  it  nothing  but  (hapelefs  concrete  maffes.  The  rea- 
fon  why  we  are  able  to  cryftallize  fo  few  of  the  neutral 
falts,  is  our  not  knowing  exaftly  in  what  ftate  of  con- 
centration the  folutions  of  various  falts  muft  be,  in  order 
that  they  may  afford  cryftals.  Though  this  knowledge 
niight  eafily  be  obtained,  as  nothing  but  time  and  pa- 
tience are  requifite  for  the  purpofe,  yet  chemifts  have 
not  made  it  fufEciently  the  objeS  of  their  attention. 
The  fpecific  gravities  of  faline  folutions  muft  be  obfer- 
ved,  in  order  that  we  may  come  to  know  the  degree  of 
concentration  requifite  for  the  cryftallization  of  each. 
In  fome  operations  on  falts  in  the  great  way,  an  areo- 
meter, orinftrument  for  meafuring  the  fpecific  gravities 
of  liquids,  has  been  happily  employed  to  determine  the 
point  at  which  the  folution  might  be  expe£led  to  cry- 
ftallize. • 

Befide  thefe  methods  of  effefting  the  cryftallization 
of  falts,  there  are  feveral  circumftances  favourable  to 
that  operation,  the  influence  of  which  it  will  be  proper 
to  eftimate.     Gentle  agitation  fometimes  cotnributes  to 
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effect  a  cryftallization,  which  might  otherwife  not  fticr 
ceed.      When  veffels  containing  falinc  folutions  are 
ihaken  or  removed  from  one  place  to  another,  we  fome. 
times  fee  cryftals.inftantly  formed,  though  the  faline 
matter  was  immediately  before   entirely  in  foluiion. 
The  contad  ot  the  air  is  indifpenfibly  neceffary  to  the 
formation  ofcryftals.     It  often  happens  that  a  falinc 
folution,  though  evaporated  to  the  proper  point,  gives 
no  cryflals,  on  account  of  its  being  confined  in  a  clofe 
flafk  ;  whereas,  if  it  were  expofed  to  the  air  in  an  open 
veffel,  it  would  cryflallize  with  great  rapidity.     Rou- 
elle  the  elder  made  this  obfervation  in  a  very  accurate 
manner.     The  form  of  the  veflels,  too,  and  extraneous 
matters  happening  to  be  intermixed  with  the  folution, 
have  great  influence  on  the  cryftallization  of  a  fair. 
The  firft  of  thefe  circumftances  modifies  the  figure  of 
the  cryftals,  and  diverfifies  them  in  an  amazing  man- 
ner. •   Thus,  threads  or  fmall  flicks  are  put  into  veffels 
containing  faline  folutions,  to  make  them  cryflallize 
with  greater  regularity.     The  cryftals  are  depofited  on 
the  threads,  their  bafes  are  then  very  narrow,  and  they 
therefore  affume  a  more  regular  form  than  when  they 
fall  upon  the  fides  of  earthen  pots,  or  any  of  the  other 
veffels  commonly  made  ufe  of  in  this  procefs  ;   which 
being  oblique,  irregular,  and  unequal,  mutilate  and 
deftroy  the  regularity  of  cryftals.     Extraneous  bodies 
immerfed  into  folutions  offalts  are  often  ferviceable; 
they  caufe  the  cryftallization  to  take  place  fooncr  than  it 
would  otherwife  have  done.     A  bit  of  wood  or  a  ftone 
thrown  into  a  fait  fpring,  becomes  a  bafe  on  which  the 
water  depofites  cryftals  of  muriate  of  foda.     Some  che- 
jiiiftsj  in  confequence  of  obferving  this  phaenomenon, 
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have  been  induced  to  propofe  the  imnierfioa  of  faline 
cryflals  into  faline  folutions,  which  do  not  cryftallize 
readily.  Several  have  afferted  this  circumftance  to  be 
highly  favourable  to  the  cryftallization  of  fuch  falts  as 
cannot  without  great .  difficulty  be  obtained  under  a  re- 
gular form,  Thefe  are  the  chief  circumftances  which 
influence  cryftallization.  Future  obfervation,  no  doubt, 
may  make  chemifts  acquainted  with  many  more. 

A  fait  cannot  be  feparated  from  the  water  by  which 
it  was  diffolved,  fo  as  to  afTume  a  regular  form,  unlefs 
it  retain  fome  part  of  the  fluid.     The  reader  may  con- 
vince himfelf  of  this  fa£t  by  taking  a  portion  of  fome 
fait  reduced  to  a  powder  by  heat,  fuch.  as  aluminous 
fulphate  or  borate  of  foda  calcined,  or  dried  fulphate  of 
foda ;  diflblving  it  in  water,  and  caufmg  it  to  cryftal- 
lize :  and  it  will  be  found  to  have  gained  an  augmenta- 
tion, fometimes  even  of  an  half  more,  in  confequence  of 
being  cryftallized;  that  is,  an  ounce  of  fait  will  increafe 
to  two  ounces  by  cryftallization.     Chemifts  have  in- 
ferred  from  this  fad,  that  a  fait  when  formed  into  re- 
gular cryftals,  contains  more  water  than  when  deprived 
of  its  cryftalline  form  by  the  adion  of  fire  or  air.  This 
water,  which  though  not  one  of  its  principles  as  a  fa- 
Kne  fubftance,  is  yet  effentially  neceffary  to  its  confor- 
mation into  cryftals,  they  call  the  water  of  cryjlalliza^ 
tion  ;  becaufe  it  is  in  fad  an  element  of  faline  cryftals. 
When  deprived  of  this  water,  cryftals  lofe  their  tran- 
fparency  and  regularity  of  form.     Salts  contain,  fome  a 
greater,  fome  a  lefs  quantity  of  this  water  of  cryftal- 
lization.    Some  falts,  fuch  as  fulphate  of  foda,  carbo- 
nate of  foda,  and  aluminous  fulphate,  contain  a  quan- 
tity of  water  equal  to  half  their  weight  j  others,  fuch 
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as  nitre,  muriate  of  foda,  &c.  poffefs  but  a  ftnall  por- 
tion  of  water.  The  various  proportions  in  whicl^the 
water  of  cryftallization  fubfifts  in  the  various  falis,  have 
not  yet  been  accurately  determined.  Salts  may  lofe 
this  water  without  fufFering  any  alteration  of  their  in- 
timate  nature ;  and  the  water  itfelf  is  perfectly  pure 
like  diftilled  water. 

As  from  what  we  have  faid  concerning  the  cryftal- 
lization  of  falts,  it  appears  that  faline  fubftances  are  not 
all  cryflallized  by  the  fame  procefs,  but  obey  different 
laws  in  their  formation  into  cryftals ;  it  is  plain  that  wc 
may  take  advantage  of  this  circumftance,  when  we  at- 
tempt to  feparate  different  falts  from  one  another*  Thus 
a  fait  which  cryftallizes  by  cooling  may"  be  obtained 
entirely  feparate  from  another  which  cryftallizes  only 
by  continued  evaporation  ;  in  this  tnanner  are  the  mu- 
riate of  foda  and  the  fulphate  of  foda  contained  in  the 
fpring-waters  of  Lorraine,  feparated  from  each  other. 
It  often  happens,  however,  that  two  falts,  when  dif- 
folved  in  the  fame  water,  are  fo  blended  together, 
that  repeated  folutions  and  cryftallizations  are  necef- 
fary  to  effed:  an  entire  feparation  between  them*  This 
obfervation  holds  ftill  more  ftrongly  in  regard  to  thofe 
falts  which  are  fubjed  to  the  fame  laws  of  cryftalliza- 
tion.  Thefe  are  much  more  difficult  to  feparate  from 
each  other,  efpecially  if  there  be  a  number  of  them 
together.  For  inftance,  if  the  fame  water  fhould  hap- 
pen to  contain  four  different  falts,  all  equally  difpofed 
to  cryftallize  by  either  evaporation  or  cooling,  it  would 
not  be  poffible  to  feparate  them  by  one  or  two  fuccef- 
five  proceffes  of  cryftallizaticn  :  but  the  operation  would 
require  to  be  many  times  repeated,  in  order  that  the 
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nice  variations  which  diverfify  the  charafters  of  thofe 
falts  might  be  brought  to  •  difplay  themfelves  :  For  it 
is  to  be  remarked,  that  though  two  or  more  falts  ap- 
pear fubjecb  to  the  fame  laws  of  cryftallization ;  yet 
when  minutely  obferved,  the  cryftallization  of  the  one 
^^ill  be  always  found  diftinguiflied  from  that  of  the 
other  by  forae  flight  differences.  Were  this  not  the 
cafe,  they  would  always  cryllallize  together,  nor  would 
it  be  at  any  lime  poffible  to  obtain  tliem  fcparate  ;  but 
tills  fcarce  ever  happens,  even  in  regard  to  thofe  falts 
which  cryftallize  in  the  moa  uniform  manner.  There 
are,  however,^  fome  exceptions  from  this  rule :  fome 
falts  have  a  peculiar  tendency  to  mutual  adiiefion,  or 
an  uncommon  affinity  with  each  other.  Of  this  kind 
arc  all  neutral  falts  which  ov/e  their  formation  to  the 
fame  acid,  and  cryftallize  by  the  fame  procefs  j  fuch 
as  the  magnefian  and  ammoniacal  fulphates.  But  thefe 
flngular  phasnomena  of  neutral  falts  have  not  been  as 
yet  obferved  wirh  fufficicnt  attention  ;  and  there  is 
here  ftill  farther  fcope  for  the  refearches  of  the  che- 
mift. 

Laftly,  To  conclude  this  compendious  hiftory  of  the 
cryftallization  of  falts,  let  us  take  notice  that  there  is 
another  mdde  of  obtaining  them  in  cryftals.  Saline 
fclutions  may  be  precipitated  by  fome  fubftance  that 
has  a  greater  affinity  than  they  with  the  water.  Spirit 
of  wine  produces  this  ciFctcl  on  mcfc  of  tiie  neutral  Talts; 
on  all  of  them  indeed  but  fuch  as  are  foluble  in  that 
menftruum.  The  fame  phaenomenon  takes  place  when 
falts,  differing  confiderably  from  each  other  in  point  of 
folubility,  happen  to  be  mixed  together;  even  when  fe- 
veral  different  faline  folutions  are  mixed,  though  the 
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falts  differ  not  greatly  as  to  folubllity.  Thus  fulphattf 
of  magnefia  diflblved  in  water  precipitates  a  folution 
of  ammoniacal  fulphate.  But  what  paffcs  on  this  oc- 
cafion  has  not  yet  been  obferved  with  fufficient  atten- 
tion to  enable  me  to  give  a  particular  account  of  this 
Angular  phaenomenoh, 

Fufion  by  heat  was  treated  of  when  we  gave  the 
particular  hiftory  of  each  faline  fubftance  by  itfelf; 
but  we  may  here  compare  the  different  kinds  of  fufion 
of  which  falts  are  fufceptible.  Salts  are  liable  to  two 
kinds  of  fufion;  the  one,  which  is  peculiar  to  faline  mat. 
ters,  is  owing  to  water,  and  is  called  aqueous  fujion : 
the  other,  which  arifes  from  a  different  caufe,  is  known 
by  the  name  of  igneous  fufion.  Aqueous  fufion  depends 
entirely  on  the  water  of  cryftallization  ;  which  as  it  ex- 
ifts  in  many  falts  in  a  large  proportion,  amounting  oft- 
en to  half  the  weight  of  the  cryflal,  is  capable  of  dif- 
folving  fuch  falts  when  heated  to  the  temperature  of 
167".  The  cryftalline  form  then  difappears,  the  fait 
is  diifolved,  and  the  fufion  which  takes  place  is  in 
fadk  a  real  folution.  This  obfervation  is  fojufl,  that 
when  a  fait  of  this  nature,  fuch  as  fulphate  of  fbda,  bo- 
rate of  foda,  or  aluminous  fulphate,  is  kept  for  ibme 
time  in  this  flate  of  fufion,  the  water  which  with  the 
help  of  heat  diffolved  it,  is  gradually  evaporated^  and 
the  fait  is  left  dry,  and  no  longer  appears  in  a  flate  of 
fufion.  This  apparent  or  aqueous  fufion  has  no  rela- 
tion to  true  igneous  fufion  ;  for  all  falts  that  have  been 
dried  after  being  once  liquefied  by  their  water  of  cry- 
ftallization are  fufceptible  of  the  latter.  Thus  muriate 
of  foda,  and  borate  of  foda,  are  melted  by  a  ftrong  heat, 
after  fuffering  aqueous  fufion  and  being  dried  up  by  a 
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moderate  heat.  All  falts  have  not  an  equal  tendency  to 
true  igneous  fufion  :  There  are  fome,  fuch  as  nitrate  and 
muriate  of  foda,  which  melt  as  foon  as  they  begin  to 
become  red-hot :  others  again,  fuch  as  fulphate  of  pot- 
afh  and  fulphate  of  foda,  require  a  much  more  intenfe 
heat  to  melt  them.  Laftly,  Such  is  the  fufibility  of  fome 
falts,  that  they  are  capable  of  communicating  this  pro- 
perty to  other  bodies  fcarce  fufible  by  themfelves.  ITius 
the  fixed  alkalis  communicate  their  fufibility  to  quartzj 
fand,  and  all  other  filiceous  earths,  which  are  other- 
wife  abfolutely  infufible.  This  property  has  acquired 
to  thefe  fairs  the  title  oijiuxes^  becaufe  they  are  em- 
ployed to  promote  the  fufion  and  vitrification  of  earthy 
and  metallic  fubftanccs.  We  have  already  remarked  in 
another  place,  that  the  laft  degree  of  fufibility  is  vo- 
latilization. And  we  would  here  obferve,  that  all  fa- 
line  matters  are  more  or  lefs  volatile ;  not  one  of  them 
but  may  be  volatilized  by  an  fextreme  heat.  Thus  ful- 
phate of  potafli  and  muriate  of  foda,  when  heated  to 
the  highcft  temperature  of  which  they  are  capable,  are 
fublimaied  into  vapour. 

Cryftalized  falts  do  not  all  fufFer  the  fame  alteration 
from  the  aftion  of  air.  Some  of  themWuffer  no  difcern- 
ible  alteration  when  expofed  to  it,  but  many  lofe 
fooner  or  later  their  tranfparency  and  form  ;  and  of 
thefe  fome  melt  down  gradually,  acquiring  at  the  fame 
time  additional  welglit,  while  others,  as  they  become 
pulverulent,  fuffer  a  diminution  of  weight.  The  firll 
of  thefe  alterations  is  called  ^/tf/zyf/^/f^wr^,  the  other  r/l 
jiLrcfccnce. 

That  phocnomcnon  which  is  known,  by  the  name  of 
deUqiicfcencej  is  fo   called   becaufe   the   faline  matter 
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which  exhibits  it,  then  becomes  liquid  ;  and  a  ialt  i< 
faid  to  fall  into  a  deliquium^  when  it  melts  in  this  man- 
ner on  coming  into  contaft  with  air.  The  word  de^ 
faillance  was  formerly  ufed  by  French  chemifts  as  fy- 
nonimous  with  deliquefccncey  but  it  is  now  become  an- 
tiquated, and  no  longer  appears  in  the  writings  of 
chemifts.  The  occafion  of  this  alteration  is,  that  the 
falts  attrad  the  moifture  of  the  atmofphere ;  which,  in 
my  opinion,  is  to  be  confidered  as  a  real  eleftive  attrac- 
tion between  the  water  and  the  fait,  which  afts  with 
fuch  fuperior  force  as  to  fcparate  the  water  from  the 
air  of  the  atmofphere.  There  are  alfo  differences  a- 
mong  falts,  in  regard  to  their  tendency  to  deliquiate, 
both  in  refpeft  to  the  rapidity  with  which  this  change 
takes  place,  and  the  point  of  faturation  at  which  the 
phenomenon  of  deliquefcence  ceafes.  The  fixed  alka- 
lis, ammoniac  g£^s,  the  muriatic  acid  gas,  and  the  con- 
centrated fulphuric  acid,  abftraft  the  water  from  the  at- 
mofphere, dry  up  the  air,  if  we  may  be  allowed  to 
ufe  the  expreffion,  with  a  very  confiderable  force,  and 
abforb  a  quanity  of  the  fluid  more  than  equal  to  their 
original  weight.  Dry  potafli  particularly  difplays  this 
phaenomenon  in  a  very  eminent  manner ;  fo  likewife 
does  the  fulphuric  acid  when  concreted  by  cold.  Thcfe 
two  falts  firft  become  foft,  and  afterwards  affume  a 
thick  liquid  confiftency,  refembling  that  of  fomc  oils ; 
which  has  caufed  the  firft  to  receive  the  name  of  oilcf 
tartar^  and  the  fecond  to  be  called  oil  of  vitriol.  But 
thefe  names  are  improper,  and  more  likely  to  miflead 
than  to  enlighten  a  perfon  entering  upon  the  ftudy  of 
chemiftry.  There  are  other  falts  which  have  a  ftrong 
tendency  to  deliquiate,  but  do  not  attrad  moifture  fo 
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copioufly  or  with  fo  much  avidity  as  thofe  above-men- 
tioned. Such  are  calcareous  nitrate  and  calcareous  mu- 
riate, magnefian  titrate  and  magnefian  muriate.  Laft- 
ly.  There  are  feme  fahs  which,  when  expofed  to  the 
atmofphere,  only  become  a  little  wet,  without  wafting 
entirely  down,  fuch  as  nitrate  of  foda,  muriate  of  pot- 
afli,  ammoniacal  fulphate,  &c. 

The  phaenomenon  of  efflorefcence  has  been  fo  named, 
becaufe  the  falts  fufceptible  of  it  appear  covered  over 
with  fmall  white  threads,  refembling  thofe  fublimated 
matters  which  are  known  in  chemillry  by  the  name  of 
fioivers.     This  property  is  the  diretb  contrary  of  deli- 
quefcence.     In  the  inftance  of  deliquefcence,  the  faline 
cryftals  decompofe  moid  air  \  becauie  the  elective  at« 
tradion  fubfifting  between  the  fait  and  the  water  is 
(Ironger  than  that  between  the  water  and  the  air.     la 
efRorefcence,  again,  the  atmofphere  decompofes  the  fa- 
line  cryftals,  as  having  a  greater  affinity  with  water 
than  the  falts.     In  efflorefcence,  therefore,  the  water 
of  cryftallization  is  abftrafted  from  the  falts ;  and  this 
is  the  reafon  why  falts,  when  they  efflorefce,  lofe  their 
form,  their  tranfparency,  and  a  part  of  their  bulk.     It 
is  here  of  importance  to  obferve,  that  all  efflorefcent 
faline  cryftals  fuftcr  from  heat.     It  is  a  kind  of  cold 
calcination  which  flowly  decompofes  cryftallized  falts, 
by  feparating  from  them  the  water  to  which  they  owe 
their  cryftalline  form,  and  all  their  other  properties  as 
faline  cryftals.    When  a  fait  therefore  efflorefccs  entirely, 
it  fuffers  exaftly  the  fame  lofs  of  weight  as  when  it  is 
dried  by  the  aftion  of  fire.     Wc  may  farther  remark, 
that  thofe  falts  whofe  cryftals  efflorefce,  belong  to  the 
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clafs  which  Is  the  moft  foluble,  and  cryflallizes  by  cool- 
ing. 

Efflorefcence,  like  deliquefcence,  is  not  exaflly  the 
fame  in  all  the  neutral  falts  fufceptible  of  it.  Some, 
fuch  as  fulphate  and  carbonate  of  foda,  efflorefce  readi- 
ly and  entirely,  fo  that  after  exhibiting  this  phenome- 
non, they  are  found  to  be  wholly  reduced  to  a  fine  white 
duft.  As  they  appear  to  have  loft,  in  confequence  of 
this  decompofition,  half  their  weight,  it  may  be  infer- 
red, that  their  efflorefcing  fo  completely  is  owing  to 
th^ir  containing  fo  much  water  of  cryftallization.  And 
it  is  a  fad,  that  falts  which  are  but  little  fufceptible  of 
efflorefcence, fuch  as  aluminous  andmagnefian borate  and 
fulphate,  contain  lefs  water  in  their  cryftals.  If  efflo- 
refcence depend  on  air's  having  a  greater  affinity  with 
water  than  the  efflorefcent  falts  have,  it  muft  follow, 
that  when  the  atmofphere  is  very  dry,  this  phseno- 
menon  will  take  place  more  readily  and  in  a  niore 
remarkable  manner,  while  air  loaded  with  moidure 
will  not  a£t  in  the  fame  manner  on  elHorefcent  falts, 
but  will  leave  them  uninjured.  To  confirm  this  aflcr- 
tion  ;  if  a  fmall  portion  of  water  be  fprinkled  on  faline 
cryftals  fufceptible  of  efflorefcence,  the  furrounding  at- 
mofphere being  faturated  by  the  abforption  of  this  wa- 
ter, does  not  affedt  that  which  enters  into  the  confor- 
mation of  the  cryftals,  but  leaves  them  unaltered.  But 
if  the  cryftals  be  not  again  wetted  after  the  atmofphere 
has  once  abfoibed  the  water  which  has  defended  them  a- 
gainft  its  influence,  the  air  then  makes  an  impreflion  on 
the  faline  fubftance,  and  deftroysits  cryftallization.  In 
apothecaries  fhops,  this  phasnomenon  is^daily  obferved; 
for  they  find  it  neceffary  to  keep  fulphate  of  foda,  or 

Glaiib€r 
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Glauber  fah^  conftantly  wet  with  a  little  water,  in  or- 
der to  preferve  it  in  cryftals. 

The  folution  of  falts  in  water  is  one  of  thofe  phacno- 
mena  which  are  the  mod  worthy  of  the  chemift's  atten- 
tion. Some  perfons  obfcrviiig  that  it  takes  place  with- 
out any  fenfible  motion,  and  without  the  efFjrvcrcence 
which  always  accompanies  the  foluticn  of  metals  in  a- 
cids,  have  propofed  to  call  the  one  foluiion^  and  the 
other,  which  is  attended  with  effervcfcence,  dijfoiutiofu 
But  as  thefe  two  expreiTions  have  precifely  the  fame 
meaning,  and  the  reciprocal  aclion  of  acids  and  metals 
is  a  phenomenon  very  different  from  the  folution  of 
falts,  we  do  not  think  tliat  this  diftinction  can  be  at- 
tended with  any  advantage.  The  folution  of  faks  haft 
been  confidered  by  fome  philofophical  chemifts  as  be- 
ing fimply  a  mechanical  divilion  of  the  faline  particles: 
but  the  two  bodies  penetrate  each  other  in  a  very  inti^ 
mate  manner ;  their  temperature  too  is  inftantly  chaiif- 
ged,  and  a  real  combination  appears  to  take  place  be- 
tween the  falts  and  the  water,  which  cannot  be  ex- 
plained by  referring  it  to  the  mere  feparating  of  the  fa« 
line  particles.  This  appears,  not  only  from  the  change 
of  temperature  which  takes  place  on  thefe  occa- 
fions,  but  likeVrife  from  the  poffibility  of  feparating 
one  fait  from  water  by  the  application  of  another 
which  has  a  greater  affinity  with  the  fluid :  thus 
potafli  precipitates  fulphate  of  potalh,  and  calcareous 
carbonate  from  water  in  which  either  of  thefe  falts  is 
diflblved.  All  the  precipitations  of  falts  are  far  from 
being  well  known  ;  and  therefore  a  feries-  of  experi- 
ments inveftigating  them  would  be  of  great  ufe  to 
chemiftry.  The  reader  might  obCerve  in  the  particu- 
lar 
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lar  hiftory  of  every  faline  fubftance,  that  they  pofTefe 
different  degrees  of  folubility  ;  fome  having  fuch  a  ten- 
dency to  combine  with  water,  that  they  remain  always 
fluid,  as  for  inftance,  the  fulphuric  and  the  nitric  a- 
cids ;  while  others,  fuch  as  barytic  fuiphate,  are  almoft 
perfe6lly  infoluble.  Several  chemifls  have  already  at- 
tempted to  exhibit  in  tables  the  various  degrees  of  fo- 
lubility of  the  different  faltp.  But  fuch  tables  muil  al- 
ways be  incomplete  till  fuch  time  as  the  folubilities  of 
the  different  falts  be  very  accurately  determined  by  a 
numerous  train  of  experiments.  We  may  here  again 
take  notice,  that  all  fimple  falts,  whether  alkaline  or  a- 
cid,  conftantly  produce  heat  when  diffolved  in  water ; 
whereas  cold  is  conftantly  excited  during  the  folution 
of  neutral  falts.  The  changes  of  temperature  which  the 
different  fimple  and  neutral  falts  fuffer  on  being  diffol- 
ved in  water  are  not  yet  fully  known ;  but  chemifts 
are  now  beginning  to  pay  more  attention  to  this  ob- 
jeft  than  they  formerly  did.  Some  ufeful  difcoverics 
will  furely  be  the  refult  of  fuch  a  train  of  refearches ; 
it  has  already  led  to  the  knowledge  of  fome  truths, 
which  were  not  even  gueffed  at  before.  For  inftance, 
when  we  obferve  that  the  neutral  falts  which  produce 
moft  cold  when  diffolved,  fuch  as  fuiphate  of  foda,  am- 
tnoniacal  nitrate,  and  ammoniacal  muriate,  are  much 
more  foluble  in  warm  than  in  cold  water;  is  it  not  rea- 
fonable  to  infer,  that  this  phaenomenon  is  owing  to 
their  finding  in  warm  water  a  greater  quantity  of  heat 
than  it  is  requifite  for  them  to  abforb,  in  order  that  they 
may  be  liquefied  ?  And  in  faft  they  are  eafily  deprived 
of  this  excefs  of  heat  by  the  aftion  of  air ;  fo  that  part 
of  the  fait  is  precipitated  in  cryftals  as  the  liquor  cools. 

CHAP 
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Of  the  Ek£live  AttraSions  which,  take  place  between 

different  Saline  Matters. 


T[E  numerous  difcoveries  made  by  chemifts  con- 
cerning the  nature  of  faiine  matters  fince  the 
middle  of  the  prefent  century,  have  eftablifhed  it  as  a 
certain  fad,  that  there  fubfift  between  thefe  matters 
different  degrees  of  affinity  or  eleftive  attradion.  Geof- 
froy  was  the  firfl:  who  compared  them  together ;  but 
late  refearches  have  fhown,  that  his  table  was  very  er- 
roneous. Bergman  has  correfled  his  errors,  and  has 
made  us  acquainted  with  many  more  of  the  eledive  at« 
tradions  fubfifting  among  falts :  Yet,  on  confulting 
the  articles  of  the  celebrated  Swedifli  chemift's  table, 
'which  relate  to  the  eledive  attradions  of  faiine  fub- 
ftances,  we  find  feveral  which  are  not  founded  on  a 

fufficient 
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fufficicnt  number  of  experiments,  and  the  uncertainty 
of  which  he  himfclf  acknowledges.  Inftead  of  ex. 
tending'  the  theory  of  eleSivc  attraflions  to  fo  great  a 
number  of  falts  as  Bergman  has,  we  muft  confine  it  in 
the  prefent  ftate  of  chemiflry  to  the  examination  of 
the  affinities  which  take  place  between  thofe  falinc 
matters  whofe  nature-  and  properties  are  befl  known. 

Of  the  fix  fpecies  of  adds  wjiich  wc  have  examin- 
ed^  the  fulphuric  acid  appears  to  be  the  fl:rongeft,  or  to 
have  the  mod  remarkable  eledive  attradions  for  the 
different  bafes  ;  that  is  to  fay,  it  feparates  mofl  of  the 
alkaline  or  falino-terrene  bafes  from  the  other  acids ; 
it  decompofes  nitrates,  muriates,  fluates,  borates,  and 
carbonates,  by  extricating  their  acids. 

The  nitric  acid  generally  holds  the  fecond  rank: 
it  yields  the  alkaline  bafes  to  the  fulphuric  acid,  but 
attrafts  them  from  th,e  four  following  acids. 

In  order  to  make  the  reader  better  acquainted  with 
the  different  affinities  which  take  place  between  the 
mineral  acids  and  the  faline  bafes  of  the  fame  king- 
dom, we  ftall  lay  thtm  down  in  the  order  in  which 
Bergman  arranges  them  in  his  Table  of  Affinities.  Let 
us  confider,  i.  Each  acid  as  related  to  the  different  fa- 
line  bafes  with  which  it  may  be  combined :  2.  Each 
of  the  alkaline  matters  in  relation  to  the  acids  which 
faturate  them,  and  to  tlie  degree  of  force  with  which 
ihey  combine  with  thefe  falts. 

1.  The  eleftive  attradions  of  the  fulphuric  acid  for 
the  different  bafes,  arc  arranged  by  Bergman  in  the 

following 
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following  order,  beginning  with  that  bafe  with  which 
it  has  the  ftrongeft  adhefion*. 

The  Sulphuric  Acid, 

Barytes, 

Potafh. 

Soda. 

Lime. 

Ammoniac. 

Magneiia. 

Aluminous  earth. 

As  the  i^itric  and  the  muriatic  acids  attrad  the  aU 
kaline  bafes  in  the  fame  order,  we  may  give  them  im- 
mediately after  the  fulphuric  acid. 

The  Nitric  Acid« 

Barytes. 
Potalh, 
Soda. 
Lime- 
Ammoniac. 
Magneiia. 
Alumine. 

The 

*  We  have  already  giTcn  the  order  of  the  affinities  of  the  acids 
with  the  bafes  in  the  hiftory  of  each  of  thofe  fubftances  ;  but  we 
think  proper  to  exhibit  diem  here  in  columns,  as  is  done  in  tables 
of  afl^ties,  in  order  that  they  may  appear  under  one  point  of  view, 
^d  be  compared  together.    F. 
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The  Muriatic  Acid. 

Barytes. 
Potafli. 
Soda. 
Lime. 

Ammoniacl 
Magneiia. 
^  Alumines. 

Barytes  has  therefore  a  greater  affinity  than  any  of 
the  other  bafes  with  the  fulphuric,  the  nitric,  and  the 
muriatic  acids,  and  decompofes  all  neutral  falts  that 
are  formed  by  the  union  of  thefe  acids  with  the  alka- 
line matters.  Bergman  places  magnefia  before  ammo- 
niac, becaufe,  he  tells  us,  that  falino-terrene  fubftance 
decompofes  ammoniacal  falts.  We  may  remark,  that 
ammoniac  decompofes  magnefian  falts  more  complete- 
ly. Magnefia  indeed  is  never  entirely  precipitated  by 
this  alkali.  Mixed  or  triple  falts  are  found  to  remain 
in  the  liquor,  which  are  formed  by  the  union  of  the 
magnefian  with  the  ammoniacal  falts.  We  apprehend, 
notwithftanding  our  refpedk  for  the  authority  of  Berg- 
man, that  there  is  a  greater  affinity  between  ammoniac 
and  the  acids,  than  between  the  acids  and  magnefia : 
for  though  magnefia  difengages  a  little  ammoniac  from 
ammoniacal  falts  in  the  hqmid  way,  yet  it  does  not  de- 
compofe  thefe  falts  by  diftillation.  We  have  therefore 
placed  ammoniac  before  magnefia;  and  we  think 
Bergnian's  table  needs  this  correction, 

U.  The 
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11.  The  elective  attraftidns  of  the  fluoric  acid  for 
the  alkaline  bafes  are  very  different  from  thofe  of  the 
three  foregoing  acids.  The  alkalis  yield  this  acid  to 
lime  and  the  two  other  falino-terrene  fubftances.  A 
folution  of  barytic  fluate  in  hot  water  is  precipitated 
by  lime-water;  and  the  precipitation  is  immediately 
followed  by  the  formation  oi  calcareous  fluate.  The 
cafe  is  the  fame  Ixrith  the  other  fluoric  neutral  falts : 
lime  deprives  them  of  the  acid, — ^as  Bergman  fliows 
in  his  eighth  table,  which  is  thus  arranged* 

The  Fluoric  Acid. 


Lime. 
Barytes. 

Magnefia. 

Poiafli. 

Soda. 

Ammoniac. 

Alumine. 


The  fame  phacnomena  take  place  in  the  dry  way  j 
for  calcareous  fluate  is  decompofed  by  carbonate  of 
potaih  and  of  foda,  but  not  by  the  pure  and  cauftic 
fixed  alkalis. 

II L  Bergman  exhibits  in  his  tenth  table  the  afEni* 
ties  of  the  boracic  acid  in  the  fame  order  uith  thofe  of 
the  fluoric;  becaufe,  when  borax  is  heated  with  quick- 
lime in  water,  the  quicklime  feizing  the  acid  forms 
'with  it  calcareous  borate  which  is  fcarce  foluble,  and 
leaves  the  foda  pure.    As  to  the  other  bafes,  he  gives 
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the  order  of  their  affinities  vnth  thk  acid  only  by  ana- 
logy ;  and  he  acknowledges  his  difpofition  of  them  to 
be  no  more  than  a  probable  conjefture.  ,^uod  idem 
accidatf  fays  he,  cum  alkali  vegetaiiliy  acido  hracis  fa- 
iuratOj  badenus  tantum  probabilis  eft  conjedura^  aqua 
ac  terra  ponderofm  et  magnefia  pofitura.  * 

The  Acid  op  Borax. 

Lime. 
Barytes. 

Magnefia. 

Potaih* 

Soda. 

Ammoniac. 

Alumine* 

IV.  The  eiedlive  attradions  of  the  carbonic  acid  are 
fomewhat  different  from  thofe  which  have  been  laid 
down  as  belonging  to  the  other  acids.  This  acid  ad- 
heres more  flrongly  to  barytes,  and  next  after  barytes 
to  lime,  than  to  any  other  fubftance.  Ammoniac  fe- 
parates  it  from  magnefia,  as  Bergman  has  (hown  by 
very  accurate  experiments.  Here  therefore  we  can* 
not  make  the  obfervation  which  we  have  made  with 
refpeft  to  the  other  acids ;  and  we  (hall  give  part  c^ 
the  twenty-fifth  column  of  that  celebrated  chemift's 
table  of  affinities,  which  exhibits  the  attradions  of  the 
carbonic  acid  for  the  feveral  faline  bafes. 

Thi 
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The  Carbomic  Acid; 

Barytes; 

Lime. 

PotaA; 

Soda* 

Ammoniac; 

MagnefiaL 

Alumine; 

V.  The  feven  earthy  or  alkaline  bafes  whofe  com^ 
binadons  with  the  mineral  acids  we  have  examined, 
differ  from  one  another  in  their  eieQive  attra^Hons  for 
the  fame  acids.  Five  of  them,  namely  the  two  fixed  . 
alkalis^  ammoniac,  lime,  and  aluminous  earth,  agree 
in  the  order  of  thdr  affinities.  All  the  five  adhere  to 
the  acids  in  the  following  order ;  the  fulphurie  acid^ 
the  nitric  acid,  the  muriatic  acid,  the  fluoric  acid,  the 
boracic  acid,  and  the  carbonic  acid.  But  barytes  and 
magnefia  differ  from  the  five  firft  bafes  in  their  affini- 
ties with  the  mineral  acids^  and  agree  with  each  o* 
ther. 

Bergman  difpofes*  the  eledive  attra&ions  of  barytes 
Md  magnefia,  in  refpefk  to  the  mineral  acids,  in  the 
following  orden 

BARtTES  AKB  MaGN£SIA. 

The  fulphurie  acid. 
The  fluoric  acidi 
The  nitric  acid. 

La  The 
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The  muriatic  acid. 
The  boracic  acid. 
The  carbonic  acid. 

The  only  diflFerence  between  thefe  affinities  and 
thofe  of  the  five  foregoing  bafes,  is,  that  the  fluoric  add 
here  {lands  before  the  nitric  and  the  muriatic  acids ; 
which  fhows  that  barytic  and  magnefian  nitrates  and 
muriates  are  decompofed  by  the  fluoric  acid  ; — ^whete* 
as  barytic  and  magnefian  fluates  are  not  liable  to  be 
deprived  of  their  bafes  by  the  nitric  and  the  muriatic 
acids. 

Vt.  The  tXt&vft  attra&ions  of  which  we  have  gi- 
ven aii  account,  fliow  the  order  of  the  fimple  decern- 
pofitions  which  are  effected  when  three  faline  matters 
are  mixed  together.  But  it  is  not  enough  to  know 
thefe  affinities  or  fimple  ele£tive  attractions  ;  we  mud 
alfo  attend  to  thofe  which  take  place  among  four  fa- 
line  fubflances. 

It  is  to  be  remembered,  that  by  double  affinity,  ve 
underfland  a  double  afliiffty  in  virtue  of  which  a  com- 
pound of  two  bodies  which  could  not  have  been  de- 
ftroyed  by  either  a  third  or  a  fourth  body  feparately, 
is  yet  decompofed  with  the  greateft  facility  when  thefe 
two  lafl  bodies  are  combined  together.  This  double 
eledbive  attra£tion  often  takes  place  among  neutral  ialts. 
Thus,  calcareous  fulphate,  nitrate,  or  muriate,  cannot 
be  decompofed  by  either  ammoniac  or  the  carbonic 
acid  taken  feparately  :  becaufe  the  firfl  of  thefe  bodies 
has  lefs  affinity  than  lime  with  the  fulphuric,  the  ni- 
tric^  and  the  muriatic  acids  ^  and  the  fecond  again  has 
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leis  affinity  with  lime  than  even  thefe  acids  :  But  when 
thefe  calcareous  falts  are  brought  into  contafl  with  a 
compound  of  ammoniac  and  the  carbonic  acid,  that 
compound  deftroys  the  adhefion  of  their  principles* 
In  that  chapter  in  which  I  treated  of  affinities  in  ge- 
neral,  I  have  fhown  how  this  phxnomenon  may  be  ex*, 
plained,  by  numbering  the  degrees  of  the  attradive 
force  exerted  on  the  occafion.      I  have  attempted  to 
apply  the  idea  to  faline  matters ;  but  as  we  are  flill 
but  imperfe£bly  acquainted  with  the  nature  and  the 
combinations  of  the  fluoric  and  the  boracic  acids,  I 
have  applied  it  only  to  the  fulphuric,  the  nitric,  the 
muriatic,  and  the  carbonic  acids,  confidered  in  relation 
to  the  mineral  faline  bafes,  and  the  degrees  of  adhe* 
iion  which  they  appear  to  have  with  thefe  bafes.     The 
numbers  which  I  have  employed  to  exprefs  the  diffe- 
rent degrees  of  adhefion,  are  founded  on  the  refult  of 
fimple  decompofitions.     Perhaps  they  do  not  exprefs 
accurately  the  force  of  affinity  ;  but  the  defign  of  em- 
ploying them  is  only  to  fhow  the  caufe  of  double  af- 
finities. 

I  will  firft  give  a  table,  expreffing  in  numbers  the 
affinities  of  the  four  acids  with  fix  bafes;  not  inclu- 
ding barytes,  becaufe  we  are  not  yet  well  enough  ac- 
quainted with  the  various  faline  combinations  into 
which  that  fubftance  enters.  Afterwards,  I  fhall  lay 
down  in  particular  tables  the  double  affinities  known  to 
fubfifl  among  the  neutral  falts  ;  adopting  Bergman's 
mode  of  arrangement,  which  I  have  already  defcribed 
under  )he  article  of  affinities  in  general.  I  may  here 
obferve,  that  in  this  ingenious  arrangement,  to  which 
the  only  addition  that  I  have  made  is  expreffing  the 
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affinities  in  numbers,  the  fam  of  the  two  yertical  num? 
bers  which  indicate  the  divellent  attrafkions,  is  to  be 
confidered  as  (landing  in  oppofition  to  the  fum  of  the 
horizontal  numbers  which  indicate  th^  quiefcent  at- 
tradions  ;  which  oppoiition  of  attradions  is  the  caufe 
of  the  decompofition  effected  by  double  affinity. 

Table  rf  the  Degrees  of  Attrailitm  between  four  Acids 
and  fix  Bafesy  exprejfed  in  Numbers. 

COLUMN   FIRST. 


The  fulphuric  acid  ^ 
combines  with 


Potaih,  with  an  affinity  equal  to 
Soda        ... 
Lime  -        -        .        . 

Ammoniac        ... 
Magnefia        ... 
Aluminous  eatth 


S 

7 
6 

4 

3* 

a 


COLUMN   SECOND. 


The  nitric  acid 

combines  with 


Potafli,  with  an  affinity  equal  to 
Soda  ... 

Lime        .        •        •       • 

Ammoniac  •        •        • 

Magnefia  •        .        - 

Aluminous  earth     •        - 


6- 

4 

3 

a 

I 


COLUMN   THIRD. 


The  muriatic  acid 
combines  with 


Potafliy  with  an  affinity  equal  to 

Soda 

Lime        -  •  .        ' 

Ammoniac  ... 

Magnefia        .        •        •        • 

Aluminous  eardi        • 


6 

5 
3 

2 
I 


COLUMN 


Skbs. 


ffj 


COLUMN   FOURTH. 


The  carbonic  acid 
combines  with 


Ume,  with  an  affinity  equal  to 
Potafli  .  .        . 

Soda  .... 

A.iiiinoniac         »        •        • 
Magnefia        •        .        •        . 
Alominoos  earth 


3 

a 

I 


T 

I 
T 


A  Table  eicbibifing  ten  Kinds  of  double  Aginity  which 
take  place  among  the  Jeveral  Neutral  Salts y  in  Num* 
bert  taken  from  the  preceding  TaUe, 


L 


Nitre. 

"    Potafih.          7  The 

■M 

nitric  add    1 

1 

\ 

Sulphate  of 
potafh.    ' 

8  qokfcent    g  affiDitics  4  ^  I3* 
1                    ^ 

CalcartODfl 
nitrate. 

4 

The  fulphmic  6 
acid*         — 

Lime. 

»3 

. 

Calcareous  fiilphate. 

*  The  number  placed  on  the  right  fide  between  the  Umall  and  the  large 
bncketT  i«  the  Ibm  of  the  two  horizontal  or  fMu/uHi  affinities;  and  the  de* 
compofitien  cannot  take  place  nnleif  thU  fum  be  le(f  than  that  of  the  two 
«Mbiri  affinitiea.    F. 
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Thefe  ten  are  not  the  only  affinities  fubfifting  among 
the  neutral  falts  which  we  have  examined*  We  have 
feen,  for  inftance,  that  the  barytic  falts  are  not  de- 
compofed  by  potalh,  but  are  liable  to  decompofition 
by  carbonate  of  potafii,  or  carbonate  of  foda;  and 
that  calcareous  Huate  is  fubje£t  to  the  fame  laws. 
Thefe  two  inftances  of  double  affinity,  and  perhaps  feme 
others  which  are  but  imperfectly  known,  have  not 
been  exhibited  in  the  foregoing  table  ;  becaufe  we  are 
not  fufficiently  acquainted  with  the  eledive  attractions 
of  barytes,  and  the  fluoric  acid,  to  reprefent  them  by 
numbers.  When  the  experiments  neceflary  to  make 
us  fufficiently  acquainted  with  thefe  affinities  ihall  have 
been  made,  it  will  no  doubt  be  neceflary  to  change  the 
numbers,  and  to  adopt  others  expreffive  of  the  newly 
difcovered  affinities :  But  the  method  will  dill  remain ; 
it  can  only  be  rendered  more  accurate. 

SECTION 
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Q/*  Mineralogy. 


Combujiible  Bodies. 


CHAP.    I. 


Of  Combuftible  Bodies  in  general. 


WE  have  already  fpoken  of  combuftion  in  the 
hiiloiy  of  air.  The  order  which  we  follow, 
renders  it  neceflary  for  us  to  to  give  here  a  brief  reca- 
pitulation of  what  was  before  faid  on  this  fubjed. 

According  to  Stahl,  a  combuftible  body  is  a  'com* 
pound  containing  fixed  fire  or  phlogifton.  His  theory 
reprefents  combuftion  as  the  difengagement  and  paf-- 
fage  of  this  fire  from  a  fixed  into  a  free  ftate.  Light 
and    heat   are  fignals  indicating  its  difengagement. 

When 
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When  the  phaenomenon  ceafes,  the  body  which  has  dif. 
played  it  enters  into  the  cla(s  of  incombuftible  mat- 
ters :  by  reftoring  its  phlogifton,  or  by  uniting  with  it 
the  matter  of  fire  fixed  in  fome  other  body,  we  ren« 
der  it  again  combuftible.  But  this  theory  is  attended 
with  four  material  diiEculties.  i.  The  exiftence  of 
phlogifton  cannot  be  demonftrated.  2.  The  weight 
of  combuftible  bodies  is  confbmtly  found  to  be  increa- 
fed  after  combuflion ;  and  it  is  hard  to  conceive  how 
this  can  happen  to  any  body  when  it  lofes  one  of  its 
principles.  3.  Another  flrange  circumftance  is,  that  any 
body  ihould  lofe  part  of  its  weight,  by  that  acceflion  of 
phlogiflon  which  caufes  it  to  pafs  from  an  incombu- 
ftible  to  an  inflammable  ftate.  4«  Stahl  does  not  ap' 
pear  to  have  confidered  thai  air  is  neceflary  to  combuf* 
tion. 

A  more  careful  obfervatipn  of  the  laft  of  thefe  phx* 
nomena,  and  of  the  increafe  of  weight  which  bodies 
acquire  during  their  combuflion,  has  given  rife  to  the 
following  theory. 

What  renders  a  body  combuflible  is  its  having  a 
flrong  tendency  to  combine  with  the  oxigenous  prin- 
ciple,  which  is  the  bafe  of  vital  air.  Combuftion  is  the 
very  a£i:  by  which  this  combination  takes  place  ;  it  ne« 
ver  happens  but  when  the  oxigene  lofes  the  caloric  by 
which  it  was  maintained  in  a  gafeous  flate.  This  opi« 
nion  is  founded  on  the  four  following  fa£b :  i.  No 
body  can  bum  without  vital  air.  2.  When  the  air  ii 
purefl,  the  ad:  of  combuftion  is  the  mofl  rapid.  3.  By 
combuflion  air  is  abforbed,  and  the  burnt  body  gains 
additional  weight.  4.  I^aflly,  A  body  burnt  in  the 
air  acquires  a  quantity  of  oxigene  equal  in  weight  to 

what 
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what  the  fmroundiDg  atmofphere  lofes ;  which  on« 
gene  miy  be  often  extra£Ud  by  methods  which  we 
/hall  hereafter  defcribe*. 

Macquer  attempted  a  reconciliation  of  this  theory 
with  Stahl%  by  explaining  phlogifton  to  be  light  ia  a 
fixed  ftate,  and  afcribing  to  vital  air  the  power  of  pre- 
cipitating light.  He  thought,  that  in  every  a£t  of  com- 
bullion,  phlogifton  was  feparated  into  the  ftate  of  light 
by  vital  air,  which  occupied  its  place  in  the  combu- 
ilible  body  ;  and  he  confidered  light  and  vital  air  as 
two  fubftances  which  mutually  precipitated  each  others 
When  fixed  light  is  caufed  to  pafs  out  of  a  combuftible 
body  into  a  body  that  is  already  burnt ;  the  vital  air, 
according  to  this  theory,  yields  its  place  in  the  one  bo- 
dy to  light,  and  feizes  that  which  the  light  has  left  un- 
occupied in  the  other.  But  within  thefe  few  years,  the 
chemical  do&rine  on  this  head  has  attained  a  degree 
of  ftri£knefs  and  accuracy  which  neither  requires  nor 
allows  our  having  recourfe  to  fuch  forced  and  com- 
plicated theories.  We  may  here  recapitulate  it,  in  or* 
der  to  reprefent  it  with  ftill  more  plainnefs  and  perf[n- 
cuity  than  before. 

Vital  air  is  compounded  of  a  bafe  named  oxigene^ 
which  is  fufceptible  of  fixation,  and  is  maintained  in  fo- 
lution  in  the  ftate  of  an  elaftic  fluid  by  light  and  caloric 
When  a  combuftible  body  is  heated  in  this  fluid,  it 
decompofes  the  vital  air,  and  feizes  its  bafe  or  oxigene. 
The  caloric  and  light  being  then  fet  at  liberty,  regain 
their  original  rights,  and  efcape  in  pofleflion  of  all  their 
diftinguifliing  properties ;  namely,  the  firft  in  the  form 
of  heat,  the  fecond  in  the  form  of  flame.  According 
to  this  dodrine,  vital  air  is  the  only  combuftible  body* 

This 
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This  theory  does  not  abfolutely  deny  the  exiftence  of 
a  phlogiftic  principle;  for  light  a£bs  the  part  whicH 
was  afcribed  to  it.  But  it  differs  from  Stahl's  theory, 
in  reprefenting  the  phlogifton  which  he  placed  in  the 
Gombuftible  body,  as  a  principle  not  of  it,  but  of  the 
body  by  which  combuftion  is  maintained.  The  fame 
objection  may  indeed  be  made  againft  the  exiftence  of 
oxigene  which  has  been  urged  againft  Stahi's  pbio- 
gifton.  We  are  entirely  unacquainted  with  any  fuch 
principle  in  a  pure  or  infulated  flate  :  it  is  always  com- 
bined with  caloric  in  vital  air,  or  with  combuftible  bo- 
dies  after  they  have  fuffered  combuftion.  Like  pblo- 
gifton,  it  only  paffes  from  one  combination  into  ano- 
ther ;  but  never  difplays  itfeif  in  a  pure  feparate  ftate« 
There  is,  however,  a  mighty  difference  between  the 
two  theories.  The  latter,  to  which  we  afcribe  truth 
and  accuracy,  is  founded  upon  plain  fads  ;  the  increafe 
of  weight  which  a  combuftible  body  gains,  and  the  di- 
minution of  weight  which  the  furrounding  atmofphere 
fuffers  from  combuftion ;  whereas  ingenuity  has  ne- 
ver been  able  to  eftabliih  Stahi's  theory  on  fuch  i 
bafts. 

Combuftible  bodies  differ  in  their  tendency  to  com- 
bine with  oxigene ;  and  it  would  appear  that  a  body 
is  more  or  lefs  combuftible,  according  as  it  has  a  nearer 
or  a  more  diftant  relation  to  this  principle.  .  So  that 
the  order  in  which  combuftible  bodies  tend  to  combuf- 
tion may  be  determined,  and  a  table  conftruSed 
to  exprefs  their  various  aiEnities  with  the  bafe  of  vital 
air. 

This  difference  of  affinity  between  combuftible  bo- 
dies and  oxigene  is  the  caufe  of  that  diveriity  of  pf^^* 
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nomena  which  Aich  bodies  exhibit  when  they  enter 
into  combination  with  this  elaftic  fluid* 

We  may  dillinguifh  four  different  kinds  of  combu« 
ilion 

1.  Combuftion  with  flame  and  heat,  as  in  the  in« 
fiance  of  fulphur,  &c. 

2.  Combuflion  with  heat  without  flame,  as  in  many 
of  the  metals,  &c. 

3.  Combuflion  with  flame  without  heat,  as  in  phof- 
phori,  &c. 

4«  Slow  combuflion,  apparently  without  either  flame 
or  heat.;  which  happens  when  certain  combufUble  bo- 
dies are  brought  into  contad  with  air,  or  when  oxigene 
fixed  in  fome  body,  and  feparated  from  caloric,  paflfes 
unobferved  out  of  that  body  into  another. 

Befide  thefe  leading  diflin&ions,  combuflion  is  va- 
ried by  many  other  phenomena,  peculiar  to  particular 
combuftible  bodies.  The  velocity,  the  colour,  and  the 
extent  of  the  flame,  the  fmell  which  accompanies  it^ 
the  quantity  of  oxigene  abforbed,  the  form,  the  colour, 
and  the  weight  of  the  refidue  of  the  burnt  body,  with 
many  other  particulars,  which  it  would  be  improper  to 
rnlarge  upon  here,  but  which  ihail  be  coniidered  with 
dl  the  attention  they  merit,  when  we  give  the  hiflory 
3f  each  corabuflible  body  by  itfelf,  form  fo  many  eflen- 
ial  diftinflions,  by  means  of  which  combuflible  fub- 
lances  may  be  diflributed  into  clafTes. 

When  we  confider  all  the  varieties  which  combu- 
Uble  bodies  exhibit  during  their  combuflion,  we  can- 
tot  avoid  agreeing  that  the  caufes  from  which  they 
»roceed  are  flill  unknown  ;  and  there  are  flill  important 
ifcoveries  to  be  made  on  this  article  of  the  theory  of 
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chemiftry.  The  difierent  affinities  of  combaftible  bo« 
dies  *  with  the  oxigenous  principle,  may  ferve  to  ex- 
plain a  part  of  the  pha^nomena.  Indeed  it  is  natural 
to  think  that  a  body  having  a  ftrong  tendency  to  com- 
bine with  this  principle, '  mud  afford  moft  heat,  mo- 
tion, and  light,,  when  the  combination  takes  place; 
becaufe  fuch  a  body  will  feparate  oxigene  from  vital 
air  in  a  more  forcible  manner  than  any  other  whofe 
tendency  to  combine  with  it  is  weaken  But  yet  this 
dodrine  does  not  account  for  the  diverfity  of  co- 
lour which  diftinguiihes  the  flame  that  proceeds 
from  different  inflammable  bodies ;  why,  for  in- 
fiance,  copper  gives  a  green  flame,  &c.  Neither 
does  it  explain,  not  at  lead  in  an  experimental  way, 
why  fome  combufUble  matters  burn  without  giving  out 
any  apparent  flame,  unlefs  we  agree  with  fome  philofo* 
phers,  that  light  and  heat  are  the  fame,  only  the  one 
in  a  more  attenuated,  the  other  in  a  more  condenfed 
(late.  But  it  is  well  known  with  what  difficulties  this 
opinion  is  attended.  If  we  reflect,  that  light  is  one  of 
the  principles  of  vital  air,  and  is  difengaged  during 
combuflion,  we  may  perhaps  be  induced  to  think  that 
this  body  is  difengaged  in  a  different  manner  by  diffe- 
rent combudible  matters  :  that,  in  fome  inftances,  the 
whole  of  light,  confifting  of  feven  rays  or  principles,  is 
completely  difengaged  ;  while  in  others,  as  when  ni- 
trous gas  a£ls  on  combuflible  bodies,  only  the  orange 
ray  is  feparated  ;  and  in  others,  the  green,  or  yellov, 
as  when  zinc  and  copper  aft  on  combuftible  bodies. 
But  this  hypothefis,  which  has  been  already  mentioned 
in  the  hiftory  of  combuflion  under  the  article  of  Air, 
is  flill  unfupported  by  experiments.     It  is  enough  that 
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it  is  almoft  demgndrativeiy  proven,  that  the  light  difen- 
{[aged  by  combuftion  exifts  not  in  the-combuftible  bo- 
dy, but  in  vital  ain  How  indeed'  can  we  imagine^ 
that  a  body  fo  much  attenuated,  and  fo  elaftic  as  light, 
fhould  be  fufceptible  of  fixation  ai\d  folidity  ?  Is  not  it 
more  natural,  and  more  confident  with  found  philofo- 
phy,  to  think  that  light,  inftead  of  being  fufceptible  of 
folidity,  muft  rather  poffefs  the  property  of  deftroying 
the  folidity  of  folid  bodies ;  and  that  it  is  one  of  the 
caufes  of  the  elafticity  of  vital  air,  which  is  nothing 
but  a  combination  of  oxigene,  which  in  a  feparate 
ftate  is  folid,  with  the  caloric  principle,  and  with 
light  ? 

There  are,  therefore,  flill  a  few  difficulties  to  refolve 
in  the  hiftory  of  combuftion  :  But  it  is  now  fufficiently 
proven,  that  combuftible  bodies,  on  being  burnt,  un- 
dergo a  total  change  of  nature ;  that  the  oxigene  which 
becomes  fixed  in  them,  in  confequence  of  their  (:ombu- 
Aion,  always  increafes  their  abfolute  weight ;  and  that 
this  principle  then  aifumes  a  more  folid  form,  than 
when  in  combination  with  caloric  and  light  it  con- 
fiituced  vital  air. 

We  divide  the  combuftible  matters  of  the  tnineral 
kingdom  into  five  genera ;  namely,  diamond,  hydroge- 
nous or  inflammable  gas,  fulphur,  metallic,  and  bitu- 
minous matters. 
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Genus  I*    Diamond. 


DIAMOND  is  a  fubftance  of  a  peculiar  kind ;  it  is 
ranked  among  ftones,  becaufe  it  poffefies  their 
hardnefSy  inflpidity,  and  infolubilitj.  It  is,  befidcs, 
the  mod  tranfparent,  and  the  hardeft  of  minerals.  It 
is  fo  hard,  that  the  bed  tempered  fteei  is  incapable 
of  penetrating  it :  nor  can  diamonds  be  cut  by  any 
other  means  but  by  rubbing  them  on  one  another. 

Diamonds  are  found  in  the  £aft  Indies,  particularly 
in  the  kingdoms  of  Golconda  and  Vifapour.  We  like- 
wife  get  them  from  Brazil ;  but  the  Brazilian  dia- 
monds appear  to  be  of  an  inferior  quality:  they  are 
known  in  commerce  by  the  name  of  Portuguefe  dia- 
monds 

Diamonds  are  commonly  met  with  in  an  ochreaus 
yellowiih  earth,  beneath  rocks  of  grit-ftone  and  quartz ; 
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/omedmes,  too,  they  are  found  in  the  beds  of  riyers ; 
thofe  found  in  this  fituation  have  been  earned  off  by 
the  dream  from  diamond  mines.  Diamonds  are  feldom 
above  a  certain  fize.  The  Indian  monarchs  keep  up 
the  largeft  of  them,  to  hinder  their  price  from  falling. 
Diamonds  do  not  difplay  all  their  luftre  immediately 
after  being  taken  out  of  the  earth ;  they  are  brilliant 
only  when  found  in  water.  All  that  are  dug  from 
mines  are  covered  with  an  earthy  cruft ;  and  when 
it  is  taken  off,  they  exhibit,  according  to  M.  Rom€ 
de  Lille,  a  fecond,  of  the  fame  nature  with  calcareous 
fpar. 

Diamonds  have  often  an  irregular  form,  and  are  ei« 
ther  flat  or  round.  Sometimes  they  exhibit  regular  oc<^ 
tohaedral  cryftals,  confiding  of  two  quadrangular  py- 
ramids, joined  at  the  bafe ;  they  are  likewife  found 
with  12,  24,  and  48  faces. 

Some  diamonds  are  perfedly  tranfparent,  an4  of  the 
fined  water ;  there  are  others  fpotted,  veined,  cloud- 
ed ;  thefe  are  much  lefs  valuable  than  the  former. 
Some,  again,  are  uniformly  and  deeply  tinged  with  yel- 
low, red,  blue,  or  black ;  but  thefe  are  very  rare. 

Diamonds  appear  to  confid  of  laminae,  difpofed  one 
over  another.  They  are  eafily  fplit,  by  driking  them 
with  an  indrument  of  well-tempered  deel.  But  there 
are  fome  diamonds  which  appear  to  confid  not  of  la- 
minae, but  of  fibres  interwoven,  fo  as  to  refemble  the 
knots  of  wood.  Thefe  lad  are  fo  very  hard,  that  they 
cannot  be  wrought ;  the  lapidaries  call  them  natural 
diamonds. 

The  tranfparency  and  hardnefs  of  the  diamond,  and 
the  regular  crydalline  form  which  appears  to  be  mod 

M  3  natun*^ 


i  8  2  Combujiible  Bodies. 

natural  to  it,  induced  naturalifts  to  rank  this  fubftanoe 
among  vitrifiable  ftones.  They  confidered  it  as  the 
matter  of  the  purefl:  and  mod  homogenous  rocl^- 
cryftal.  They  thought  it  unalterable  by  fire  ;  becaufc 
:when  jewellers  heat  diamonds  fpotted  with  yellow, 
even  till  they  become  red,  the  fpots  are  indeed  con- 
verted to  black,  but  the  luftre  of  the  done  is  not  dimi- 
nifhed.  Yet  diamond  was  known  to  be  more  pon- 
derous and  harder  than  rock-cryflal,  and  to  poMs 
eleftrical  properties  in  a  very  eminent  degree.  But 
thefe  peculiarities  were  afcribe4  tq  it?  extreme  pu- 
rity* 

All  tranfparent,  ftony,  or  faline  bodies,  are  known 
to  refraft  light  in  the  direft  ratio  of  their  denfities ;  but 
combuftible  bodies  refraft  light  in  the  double  ratio  of 
their  denfity.  The  peculiar  brilliancy  of  the  diamond 
appears  to  depend  on  its  capacity  of  refrafting  light  in 
fo  eminent  a  manner.  As  it  is  fp  highly  tranfpaient, 
and  light  is  fo  ftrongly  refrafted  between  it3  lamina, 
when  its  furfaces  are  multiplied  by  cutting,  each  of 
its  facets  affords  a  (beaf  of  very  fplendid  light.  And 
therefore  thofe  diamonds  which  are  cut  into  facets  a!l 
over  their  circumference,  have  a  much  fuperior  luilre 
to  thofe  which  are  cut  only  en  one  fide.  On  this  ac- 
count, lapidaries  give  the  firft  tjie  name  of  brl/lijn:j. 
while  they  call  the  others  ro/es. 

Boyle  aflertcd  that  fire  altered  diamonds,  and  difen- 
gagevl  from  them  acrid  vapours  ;  but  this  faft  did  co: 
immediately  engage  the  attention  of  philofpphers.  Bi.* 
in  the  years  1&94  and  1695,  Cofmo  III.  Great  Dub 
of  Tufcany,  faw  the  fubflance  of  diamond  entirely  i!c- 
ftroyed  by  the  heat  of  a  burning  glafs.     The  Emperor 
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Francis  L  Ukewiie  witnefled  at  Vienna  the  deftru£tion 
of  diamond  by  the  fire  of  a  furnace. 

M.  d'  Arcet,  in  his  valuable  experiments  on  (lony 
matters  expofed  to  a  violent  and  continued  heat,  has 
not  negleded  diamonds.  He  informs  us,  that  vapours 
ifliie*  from  the  fides  of  their  laminx ;  and^that  if  this 
evaporation  be  caufed  to  ceafe,  what  remains  of  tl^e 
diamond  is  found  to  have  fuffered  na  alteration  of  na- 
ture, but  a  diminution  of  bulk. 

M.  d'Arcet,  wifliing  to  know  whether  the  evapora- 
tion of  diamond  was  fimply  a  decrepitation,  contrived 
to  treat  it  in  vefTels  varioufly  clofed.  He  took  a  fphere 
of  porcelain  pafte,  and  after  cutting  it  into  halves,  put 
a  diamond  in  the  middle  ;  he  then  joined  the  two  fec- 
tions  nicely  together,  fo  that  the  diamond  formed  to 
itfelf  a  cavity  within  the  fphere,  without  leaving  any 
void  fpace  around  it.  Putting  this  ball  into  an  oven, 
and  leaving  it  there  till  it  was  fully  burnt,  be  then 
broke  it,  and  found  the  diamond  evaporated,  and  the 
place  which  it  occupied  empty,  though  he  could  per- 
ceive no  chink  or  fraclure  any  where  over  the  furface 
of  the  ball. 

M.  d'Arcet  varied  this  experiment  many  ways; 
ufmg  fometlmes  balls  of  porcelain  pafle,  fometimes  cru- 
cibles of  burnt  porcelain,  (lopped  at  the  mouth  with 
the  lame  matter,  and  coated  over  with  a  fufible  fub- 
ftance ;  which  being  vitrified  by  fire,  fealed  the  vef- 
fel  hermetically.  M.  d'Arcet  always  found  the  dia- 
mond to  difappear ;  and  inferred,  that  it  was  fufceptibU 
of  evaporation  without  the  help  of  air. 

Meflrs  d'Arcet  and  Roux  afterwards  obferved,  that 
\fi  intenfe  au  heat  was  by  no  means  neceflkry  to  efied 
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the  volatilization  of  diamond :  And  in  the  year  177c, 
M.  Roux  volatilized  a  diamond  in  the  medical  fchooh 
in  five  hours,  in  a  cupelling  furnace. 

In  the  year  1771,  Macquer  obferved  a  new  pha^no- 
menon  relative  to  the  deftrudipnof  this  fubftance.  Hs 
made  ufe  of  Pott's  furnace,  on  which  he  had  made  le- 
vera!  improvements,  in  volatilizing  a  diamond,^  This 
furnace,  when  fitted  with  a  pipe  or  chimney,  ten  or 
twelve  feet  high,  produces  an  heat  equal  to  that  of  a 
furnace  for  bard  porcelain.  Macquer  put  a  mufBe  in 
the  middle  of  his  furnace,  and  the  pipe  which  was  fit- 
ted to  it  was  only  two  feet  long.  He  put  a  diamond, 
cut  into  a  brilliant,  and  weighing  three-fixteenths  of  a 
carat  into  a  cupel,  which  he  at  firil  placed  near  the 
mouth  of  the  red-hot  muffle  ;  and  to  prevent  the  dia- 
mond  from  burfting  into  pieces,  he  put  the  cupel  con* 
taining  it,  not  at  once,  but  gradually,  into  the  muffle. 
On  obferving  the  diamond  at  the  end  of  twenty  mi- 
nutes, he  found  it  to  have  increafed  in  bulk,  and  be- 
come much  brighter  than  the  capfule  in  which  it  was 
placed.  At  lad  he  obferved  a  kind  of  lambent  phof- 
phoric  flame,  which  glowed  in  a  very  diflinfk  manner 
around  the  (lone ;  but  he  could  not  perceive  any  of 
thofe  acrid  vapours  which  Boyle  mentions.  The  dia- 
mond being  replaced  in  the  muffle,  difappeared  entire- 
ly at  the  end  of  thirty  minutes,  fo  as  to  leave  no  vellige 
of  it  behind.  Thus  Macquer,  in  lefs  than  an  hour,  vo- 
latilized a  diamond  weighing  nearly  four  grains ;  and 
obferved,  that  the  combuftion  of  this,  hke  that  of  0- 
ther  combuftible  bodies,  is  attended  with  a  difcemible 
flame. 

This 
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This  fad,  which  was  firft  communicated  to  the 
world  by  Macquer,  has  been  fince  confirmed  by  re« 
peated  trials*  M.  Bucquet  in  the  year  1775  volatilized 
a  diamond  of  about  three  grains  and  an  half.  He 
made  ufe  of  Macquer's  furnace,  but  without  the  pipe  ; 
and  the  muffle  was  left  open  during  all  the  time  of  the 
operation,  in  order  that  what  pafled  during  the  com* 
buftion  of  the  diamond  might  be  feen.  It  continued 
about  five  minutes  without  being  inflamed,  and  the 
fpace  between  the  inftant  of  its  inflammation  and  its 
being  totally  volatilized  was  five-and*twenty  minutes. 

As  none  of  thefe  experiments  fiiowed  what  became 
of  the  diamond,  MefTrs  Macquer,  Lavoifier,  and  Car- 
der, refolved  to  make  fome  new  experiments  on  this 
fubftance  in  clofe  veflels.  They  heated  twenty  grains 
of  diamond  in  a  (tone  retort,  fitted  with  an  apparatus 
proper  for  retaining  the  products,  if  there  (hould  be 
2ny.  They  expofed  it  to  the  utmoft  violence  of  fire 
without  obtaining  any  produd.  After  the  operation, 
they  found  the  diamonds  pretty  entire,  yet  not  quite  fo 
heavy  as  before.  From  this  circumftance,  they  fufped- 
cd  that  this  lofs  of  weight  was  owing  to  the  diamonds 
being  partly  burnt,  with  the  help  of  the  fmall  portion 
of  air  contained  in  the  veflels  :  the  diamonds  were,  be- 
fides,  covered  over  with  a  blackifli  and  feeming  car* 
bonaceous  cruft,  which  foon  difappeared  when  they 
were  rubbed  on  a  grind-ftone. 

While  chemifl:s  were  employed  in  experiments  on 
the  nature  of  the  diamond,  the  lapidaries  always  thought 
it  abfolutely  indeftrudible.     M.  le  Blanc,  one  of  thefe 

« 

art  ids,  took  a  diamond  to  M.  Rouelle  to  expofe  it 
to  fire,  but  infilled  on  inclofing  it  in  a  way  of  his 

own^ 
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awn.  Accordingly,  he  put  it  into  a  crucible,  with  a 
cement  of  chalk  and  coal  reduced  to  powder.  This  cru- 
cible was  inclofed  in  another,  which  was  clofely  co- 
vered and  luted  with  founder's  fand.  It  was  then  put 
into  the  fire,  and  left  expofed  to  it  for  four  hours.  At 
the  end  of  that  time,  both  M.  le  Blanc's  diamond  and 
others  which  M.  Roulle  had  expofed  to  the  fire  were 
vanifhed.  M.  Maillard,  another  lapidary,  waited  on  M. 
Cadet,  when  Meffrs  Macquer  and  Lavoifier  were  en- 
gaged  with  him  in  experiments  on  this  fubflance,  bring- 
ing with  him  three  diamonds,  which  he  propofed  to 
expofe  to  fire  after  cementing  them  in  his  own  way. 
He  preffed  the  bowl  of  a  tobacco-pipe  full  of  pounded 
charcoal,  and  putting  his  diamonds  in  the  middle,  co- 
vered the  pipe  with  an  iron  plate,  which  he  luted  to  it 
with  founder's  fand.  The  pipe  was  put  into  a  crucible 
lined  with  chalk,  and  coated  over  with  fand  wet  with 
fait  water.  The  whole  was  put  into  Macquer 's  fur- 
nace, and  expofed  to  fuch  an  heat,  that  at  the  end  of 
two  hours  the  apparatus  was  become  foft  and  ready  to 
melt.  The  crucible  was  now  vitrified,  and  had  loft 
its  fliape.  It  was  cautiouily  broken,  and  the  pipe  was 
found  whole:  the  charcoal  within  it  was  perfectly 
black,  and  the  diamonds  had  loft  nothing.  They  were 
only  a  little  blackened  on  the  furface ;  but  they  reco- 
vered their  whitenefs  and  luftre  on  being  rubbed  on  a 
grind  ftone.  Macquer  repeated  this  experiment  witl\ 
the  fame  fuccefs  in  the  great  furnace  in  which  the  hard 
porcelain  of  Seves  is  burnt.  But,  on  this  occafion,  part 
of  the  iron  which  covered  the  pipe  having  been  melt- 
ed^ it  had  reached  the  diamond,  and  fcorified  it  on  one 
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fide ;  but  the  other  was  perfe&ly  unaltered.    The  fire 
had  been  kept  up  for  four-and-twenty  hours. 

M.  Mitouard  having  had  occafion  to  expofe  feveral 
diamonds  to  fire  in  clofe  velTels,  and  with  various  ce- 
ments, obferved,  that  charcoal  was  mpre  effedual  for 
preventing  the  combuftion  of  this  body  than  any  other 
matter. 

From  thefe  fads»  all  chemifts  were  led  to  think, 
that  diamond  burns  like  other  combuftible  bodies ;  and 
that,  like  charcoal,  it  cannot  be  deftroyed  by  fire  with- 
out being  in  contact  with  air.  Tet  the  numerous  and 
accurate  experiments  of  M.  d^Arcet  appeared  to  efta- 
blifli  a  contrary  doctrine.  To  determine  this  matter, 
Macquer  filled  feveral  bowls  of  burnt  porcelain,  and 
feveral  crucibles  of  porcelain  paile  with  powder  of 
charcoal*  In  the  crucibles  of  unburnt  porcelain  the 
charcoal  was  reduced  to  aflies,  and  the  aihes  were  even 
vitrified  ;  but  in  the  veflels  of  burnt  porcelain  the 
charco2Ll  appeared  to  have  fuffered  no  alteration :  and 
he  thence  concluded,  that  there  is  a  great  difference 
between  thefe  two  kinds  of  veflels.  He  thinks,  that 
while  porcelain  is  burning,  chinks  are  produced  in  it, 
which  though  fcarce  difcernible,  are  fufficient  to  facili- 
tate combuftion ;  and  that,  as  the  porcelain  fhrinks 
when  it  cools,  all  the  chinks  are  clofed  up,  and  difap- 
pear  after  it  is  burnt. 

To  thefe,  M.  Lavoifier  has  added  new  experiments, 
proving,  that  diamond  does  not  burn  unlefs  it  be  in  con- 
tact with  air.  He  expofed  diamonds  to  the  focus  of 
AL  de  Trudaine's  lens,  after  covering  them  with  a  bell, 
into  which  he  made  water  or  mercury  rife  by  empty- 
ing it  of  air.     This  chemifl,  in  experiments  on  the  ef- 
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fefts  of  the  burnihg-glafs,  which  he  made  in  conjunc- 
tion with  Meflrs  Macquer,  Cadet,  and  Briflbny  had  al- 
ready obferved,  that  when  diamonds  are  fuddenly  ex- 
pofed  to  a  ftrong  heat,  they  crackle  and  fcintiilate ; 
which  never  happens  when  they  are  flowly  and  gra- 
daally  heated.  He  likewife  obferved  the  diamonds  to 
melt  in  fome  parts  of  their  furface  :  fuch  of  them  as 
were  for  fome  time  expofed  to  the  heat  of  tlAe  lens 
were  penetrated  all  over  their  furface  with  fmall  holes, 
Kke  a  pumice- ftone.  When  he  heated  them  in  the  pneu- 
mato-chemical  machine  above  defcribed,  he  was  con- 
▼inced,  that  the  diamond  burnt  only  for  a  certain  time, 
fa  proportion  to  the  quantity  of  air  contained  in  the 
beil-glafs.  He  examined  the  air  in  which  the  diamond 
Iiad  burnt,  and  found  it  precifely  fimilar  to  that  which 
tetnains  after  the  combuftion  of  any  other  combuftible 
body ;  that  is,  it  had  loft  that  proportion  of  vital  air 
m'hich  renders  atmofpheric  air  fit  for  combuftion.  One 
circumftance  which  deferves  to  be  taken  notice  of  is, 
that  the  air  which  remained  after  the  combuftion  of 
diamond  precipitated  lime-water,  and  contained  car- 
bonic acid^ 

In  order  to  determine  with  ftill  greater  certainty  the 
nature  of  diamond,  M.  Laivofier  attempted  to  bum  it 
under  a  bell-glafs  filled  with  carbonic  acid.  The  dia- 
mond fuffered  fome  lofs,  which  was  owing  no  doubt 
to  a  portion  of  air  mixed  with  the  acid.  He  is  alfo  oi 
opinion,  that  the  lofs  which  diamond  fuffers  on  fuch  oc- 
cafions  is  owing  to  its  being  volatilized  :  and  he  infers 
from  this  inftance,  thas  this  body  may  be  entirely  vo- 
latilized, if  it  be  inclofed  in  a  clofe  veflel,  and  a  ftronj 
enough  heat  applied  to  it.     M.  Lavoifier  having  fub- 
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mitted  charcoal  to  the  fame  operation,  obtained  a  & 
milar  refult,  in  regard  both  to  its  combuftion  and  its 
volatilizadoa*  He  obferved  too,  that  the  furface  of 
diamond  always  become  black. 

From  thefe  fads  it  follows,  that  diamond  is  a  fub- 
ftance  very  different  from  ftones ;  that  it  is  adually  a. 
combuftible  body,  which  bums  with  flame  whenever 
it  is  made  red  hot  in  contad  with  air :  In  a  word,  that 
it  is  a  volatile  combuftible  body,  for  diamond  never 
leaves  any  fixed  refidue ;  and  that  it  perfedly  refembles 
charcoal  in  the  manner  in  which  it  is  affeded  hy  fire  j 
though  very  different  from  it  in  traafparency,  gravity^ 
hardnefs,  and  many  other  properties.  All  of  the  above 
experiments,  as  well  as  the  art  of  fplitting  diamonds, 
fliow,  that  this  body  confifts  of  laminse,  or  layers  ar« 
ranged  one  over  another ;  that  there  is  fometimes  be- 
tween the  layers  an  extraneous  colouring  matter,  to 
which  the  carbonaceous  coating  with  which  ignited 
diamonds  are  covered,  efpecially  when  in  clofe  veffels, 
is  poi&bly  owing.  This  coloured  lay«r,  which  is  fome- 
times nearer  to,  and  fometimes  more  remote  from,  the 
furface,  often  defeats  the  attempts  of  the  lapidary  to 
whiten  fpotted  diamonds.  If  it  be  near  the  furface,  it 
is  eafy  to  deftroy  it,  and  render  the  diamond  entirely- 
white.  But  when  it  is  funk  deep  within  the  body  of 
the  diamond,  it  is  impolfible  to  remove  it,  without  de« 
ftroying  fucceflively  the  lamins  by  which  it  is  covered: 
and  in  that  cafe,  a  diamond  will  be  fometimes  entirely 
deftroyed  before  it  lofe  its  colour. 

Notwithftanding  all  thefe  experiments,  we  know 
not  yet  of  what  principles  diamond  is  compofed  :  in 
the  prefent  ftate  of  our  knowledge,  it  is  to  be  con- 
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fidered  as  a  peculiar  combuftible  body,  different  from 
all  others. 

Diamond  is  of  no  ufe  but  as  an  ornament :  but  its 
property  of  refrafting  the  rays  of  light,  of  decompo- 
fing  them,  and  exhibiting  to  the  eye  the  mod  bril- 
liant and  lively  colours,  renders  it  fo  truly  valuable, 
that  the  efteetn  in  which  it  is  held  is  not  to  be  attri- 
buted to  the  caprice  of  fafhion*  Its  value  is  farther  in- 
creafed  by  its  excefCve  hardnefs,  which  enables  it  to  re- 
tain the  polifli,  its  fcarcity,  and  the  ingenious  art  with 
which  it  is  cut.  It  is  ufed  for  engraving  on  glafs  and 
on  hard  flones,  and  to  cut  thefe  bodies  into  any  requi- 
red form  and  fize. 

Diamond-powder  is  ufed  for  grinding  and  polilhing 
whple  diamonds. 
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Genus  IL     Hydrogenous  Gas. 


WHAT  Dr  Prieflly  calls  infammable  atr^  and 
we  hydrogenous  gasj  is  an  aeriform  fluid,  po£- 
feffing  all  the  apparent  properties  of  air.  It  is  about 
thirteen  times  lighter  than  common  air;  it  does  not 
contribute  to  maintain  combuftion,  and  it  is  almoft  in- 
ftantaneouily  fatal  to  animals  by  throwing  them  into 
high  convulfions.  It  has  a  ftrong  fmell.  One  of  its 
charaderiftic  properties  is,  to  take  fire  when,  being  in 
cental  with  air,  an  inflammable  body  is  brought  near 
it,  or  the  eledric  fpark  caufed  to  pafs  through  it. 

Hydrogenous  gas  has  been  long  known  both  in  na- 
ture and  art.  Metal,  and  coal  nynes,  the  furface 
of  mafles  of  water,  and  animal  or  vegetable  mat- 
ters in  the  (late  of  putrefa&ion,  afford  many  inftan- 
ces  of  natural,  combuflible  vapour.  Art  has  laboured 
to  produce  fimilar  vapours,  by  diffclving  metals  with 
the  fulphuric  and  muriatic  acids,  and  by  didilling  ani- 
mal 
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mal  and  vegetable  fubftances.  But,  before  Dr  Pried- 
ley,  no  perfon  thought  of  colleding  thofe  vapours  in 
receivers,  in  order  to  examine  their  properties.  He 
difcovered  that  they  conifitute  a  kind  of  permanent 
elafticvBuid* 

Hydrogenous  gas  dlfplays  all  the  phenomena  cha- 
ra£teriilic  of  combuilible  bodies  in  a  very  eminent  de- 
gree. Like  them,  it  does  not  burn  but  when  in  con- 
ta£t  with  air  ;  when  pure,  it  burns  with  a  flame  which 
is  more  or  lefs  red  ;  it  gives  a  blue  or  yellow  flame 
when  combined  with  any  fubflance  capable  of  modify- 
ing  its  properties.  It  often  crackles,  and  gives  out, 
when  burning,  fmall  bright  fparks,  with  a  noife  fi- 
miiar  to  that  which  is  produced  by  the  detonation  of 
nitre.  It  produces,  when  burning,  a  lively  heat.  It 
is  kindled  by  contact  with  the  eledric  fpark. 

It  burns  with  the  greateft  rapidity  when  it  is  fur- 
rounded  with  a  great  quantity  of  air.  As  the  aggre- 
gation of  the  two  fluids  is  the  fame,  it  is  pofiible  to 
mix  them  fo,  that  a  particle  of  hydrogenous  gas  fliall 
be  involved  among  particles  of  air  ;  and  it  then  burns 
with  great  rapidity.  This  happens  when  a  mixture, 
confiiling  of  two  parts  of  atmofpheric  air  and  one  of 
hydrogenous  gas,  is  inflamed.  The  mixture  kindles, 
burns  in  an  inftant,  and  produces  a  fmart  explofioa 
like  that  of  gun-powder ;  but  again,  hydrogenous 
ga»  by  itfelf  burns  but  flowly,  and  only  at  the  fur- 
£ace. 

It  may  likewife  be  made  to  burn  ip  an  inflant,  and 
with  great  violence,  by  mixing  two  or  three  parts 
of  it  with  one  of  vital  air  or  oxigenous  gas  ;  it  then 
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prodaces  a  much  greater  estplofidia  thaii  in  the  dbove 
inilance. 

« 

Mr  Cave^difli  ftme  years  ago  obfcrved,  that  when- 
erer  hydrogenous  ga$  is  burntj  drops  of  water  always 
appear.    On  burning  this  gas  in  a  veflel  filled  with  vital 
air  above  mercury,  a  vacuum  is  produced  in  the  veil 
fel,  the  mercury  rifes,  and  great  dt'ops  of  very  pure 
water  are  feen  to  trickle  down  the  fides  of  the  veiTel^ 
their  quantity  ftill  increafing  as  the  combuflion  goes 
on.    M.  I^avotfier  combined  inch  a  quantity  of  thefe 
two  elaftic  fluids  as  afforded  feverai  drams  of  water. 
He  toiok  care  to  make  both  the  fluids  pafs  through  a 
glafs  cylinder^  filled  with  dry  cauftic  fixed  alkali^  in 
order  to  purify  them  entirely  from  any  porHon  of  wa- 
ter whte&  might  be  intermixed  with  them.    The  weighr 
of  the  water  obtained  anfwered  exiaQly  to  that  of  th^ 
elaftic  fluidd  confumed.    And  he  concluded  froih  this 
experiment^  that  water  is  a^ually  a  compotmd  of  thefe 
two  fluids,  in  the  prbportron  of  fix  parts  of  oxrgena  to 
one  of  hydtogene.    For  it  is  eafy  to  underftand,  after 
what  has  been  already  lard  down,  that  the  caloric  and 
the  light  of  vital  air,  and  hydrogenous  gas,  are  difenga- 
ged  during  their  combuftion.     And  the  difengagement 
of  thefe  principles  account^  for  the  weight  of  water  be- 
ing fo  very  difierent  from  that  of  oxigenous  or  hydro- 
genous ga^.    The  gravity  of  water  is  to  that  of  hydro- 
genous gas  in  the  propordon  of  1 1  ^050  to  i » if  we  fup- 
pofe  the  levity  of  this  gas  to  be  to  that  of  atmofpheric 
air  in  the  proportion  of  13  to  it  The  difpariry  will  be 
ftill  greater^  if  the  levity  of  hydrogenous  gas  be  efti- 
maced  at  16,  which  may  be  fairly  done  when  tt  is  per- 
fedly  pure. 

Vol.  II*  N  Water 
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'  Water  obtained  by  the  combuftion  of  vital  air  ^tti 
hydrogenous  gas  is  found  to  contain  fome  grains  of  ni- 
tric acid.  In  order  to  underftand  how  this  acid  \% 
formed,  we  may  refleft,  that  Mr  Cavendifii  produced 
nitric  gas  by  combining,  through  means  of  the  electric 
Tpark,  feven  parts  of  vital  air  with  three  of  gas  azote 
from  the  atmofphere. 

But  the  vital  air  which  M,  Lavoifier  msirfe  ufe  of 
for  his  experiment  was  extraded  from  a  red  preci[»^ 
tate,  or  mercurial  oxide  precipitated  by  the  nitric  a> 
cid;  and  that  oxide  might  perhaps  afford  the  final! 
portion  of  azote  which  enters  into  its  compofition; 
wherefore  the  nitric  acid  obtained  in  this  experiment 
IS  not  to  be  confidered  as  in  any  degree  faififying  the 
aflertions  of  M.  Lavoifier  concerning  the  produdion  of 
water.  If  with  this  fine  experiment  we  compare  that 
by  which  the  fame  chemift  decompofed  water,  by  ma- 
king it  fall  on  red  iron,  zinc,  and  coals,  as  well  as 
boiling  oils,  and  obtained  a  quantity  of  the  hydroge- 
nous gas  proportioned  to  the  quantity  of  the  body 
burnt,  we  fhall  find  good  reafon  to  conclude,  that  the 
theory  of  the  compofition  of  water  is  as  well  fupported 
as  any  other  chemical  theory. 

The  proportion  in  which  the  component  principles 
of  water  are  united  in  it,  appears  from  the  moft  aau- 
rate  experiments  to  be  85  parts  of  oxigene  to  15  of  hy- 
drogene  in  weight. 

We  want  only  one  thing,  to  know  the  nature  of  hy- 
drogenous gas.  Is  it  a  fimple  fubflance,  cr  a  compound 
fubje£t  to  no  varieties,  but  always  the  fame  in  fpedesf 
May  it  be  confidered  as  the  phlogifton  of  Stahl,  which 
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feVeral  Ehgllfii  chemifts,  at  the  head  of  whoin  is  Mr 
Kirwan,  have  thought  it  to  be  ? 

With  regard  to  the  firll  queftion,  it  is  nearly  agreed 
among  chemifts,  that  all  fubftances,  however  different 
in  nature,  which  contain  inflammable  gas,  afford  it  pre- 
cifely  the  lame  in  all  its  properties. 

There  are  indeed  fome  who  dill  acknowledg'e  fev^« 
ral  fpecies  of  inflammable  gas ;   fuch  as  the  inflam- 
mable gas  obtained  from  iron  and  zinc  by  water, 
which  burns  with  a  red  flame',  and  detonizes  with  pure 
air ;  that  which  M .  de  Laflbne  obtained  from  Prdfiaa 
blue,  and  from  the  redu^ion  of  flowets  of  sdnc  by 
charcoal,  which  burns  in  air  without  detonization  ^ 
the  inflammable  gas  that  rifes  from  marflies,  and  burns 
with  a  blue   flame,  without  detonization  \  and  that 
which  is  obtained  by  the  diilillation  of  organic  mat- 
ters, and  refembles  the  gas  of  marfhes.     But  we  have 
learned  from  a  Arid  analyfis  of  the  two  laft,  that  they  are 
compounds  of  genuine,  pure,  and  detonating  hydroge- 
nous gas,  with  gas  azote  and  carbonic  acid  in  various 
proportions.     In  the  year   1782,  I  was  led  to  think, 
with  the  illuflrious  Macquer,  that  there  is  only  one 
fubftancc  of  this  kind,  which,  by  combining  with  diflfe- 
rent  fubftances,  undergoes  various  modifications.     The 
experiments  of  many  celebrated  natural  pfailofophers, 
particularly  of  Cavendiih,  Prieftley,  Watt,   Kirwan, 
Lavoilier,  Monge^  Berthollet^  de  Morveau,  &c.  have 
fince  ellabliflied  the  truth  of  this  opinion.     The  mix- 
tures of  the  other  gafes,   and  the  foliition  of  coal, 
fulphur,   and    phofphorus  in   hydrogenous  gas,    the 
weight  of  which  they  augment,  and  render  it  lefs  com- 
builible,  afford  us  reafon  to  think^  that  the  feeming 
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varieties  of  iAflammaUe  gas  are  owing  to  fdc&  nux- 
tures  or  combinations.  To  me  therefore  it  appears  to 
be  at  prefent  fully  demonftrated,  that  there  is  only  one 
fpecies  of  inflammable  |j>as,  produced  by  the  decompo- 
fition  of  water,  and  capable  of  producing  water  by 
combining  with  vital  air ;  in  a  word,  that  there  are  no 
fpecies  belonging  to  this  genus  but  hydrogenous  gas, 
which  is  more  or  }efs  in^ammable,  and  variouily  co- 
loured, according  as  it  is  mixed  or  combined  with  o- 
ther  bodies* 

As  to  the  fecond  queflion  ;  therle  are  indeed  feveral 
fafts  which  appear  to  fupport  the  opinion  of  Bergman 
and  the  £ngli(h  chemiils,  who  take  hydrogenous  gas 
to  be  Stahrs  phlogifton  \  but  there  are  many  more 
which  oppofe  our  adopting  that  opinion.  It  appean 
that  the  coinbuftibie  fubftances  in  which  Stahl  allow- 
ed the  exiftence  of  phlogifton,  do  not  all  aflFord  this 
elaftic  fluid,  and  that  water  always  contributes  to  its 
formation.  Mr  Kirwan,  who  has  been  engaged  for 
feveral  years  in  examining  this  important  queftion,  has 
not  yet,  as  far  as  we  know,  been  able  to  determine  it 
by  any  decifive  experiments  Under  fomc  other  ar- 
ticks  of  this  work  we  will  give  our  opinion  of  the  hy- 
drogenous gas,  which  that  celebrated  chemift  obtained 
fro^  an  amalgam  of  2inc,  as  well  as  of  fome  other  ana- 
logous  experiments,  which  have  been  urged  by  feveral 
philofophers  againft  the  doiflrine  which  we  advance. 
We  will  not  here  enter  into  a  detail  of  the  objedio&s 
which  may  be  made  to  it^  for  we  might  poffibly  not  be 
underftood  by  thofe  whofe  fiudies  in  chemiftry  have 
not  extended  farther  than  the  foregoing  chapters  of  oar 
work  i  but  thofe  obje£lions  fliall  be  ftated  in  the  chap- 
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ten  concerning  metallic  fubftances,  phofphorus,  &c« 
However  it  be,  we  mud  here  acknowledge  the  phae- 
nonlena  may  be  explained  on  the  Aippofitlon  that  hy- 
drogene  is  the  fame  with  phlogtfton ;  but  we  cannot 
help  obferving,  at  the  fame  time,  that  the  theory  of 
pblogiftoH  requires  to  fupport  it  fome  forced  and  im- 
probable fuppolitions,  and  is  far  from  being  equally 
fimple  and  fatisfaftory  with  that  which  we  have  adopt- 
ed as  the  plain  fimple  r^fult  of  &6ls*. 

No  chemift  has  yet  analyfed  hydrogenous  gas  into 
principles  ;  it  is  to  be  confidered  as  a  fimple  fubftance 
in  the  prefent  (late  of  our  knowledge  ;  hydrogyne,  its 
bafe,  combines  entirely  with  pure  air,  or  oxigene ;  and 
water  is  formed  by  the  combination.     The  reader  will 
oblerve,  that  we  have  faid  nothing  of  the  theories  of 
thofe  writers,  fome  of  whom  have  aflerte4  inflammable 
gas  to  be  a  compound  of  air  with  the  matter  of  fire, 
while  others  reprefent  it  as  a  modification  of  light,  fire, 
the  eleflric  fluid,  &c.     Thefe  aflTertions  are  too  vague, 
bear  too  great  a  refemblance  to  the  inaccurate  and  am- 
biguous language  of  the  infancy  of  natural  philolbphy, 
and  are  too  inconfiftent  with  experiments,  to  merit  a  fe- 
rious  diicuflion.     According  to  Mr  Kirwan,  Dr  Craw* 
ford  has  fliewn,  that  hydrogenous  gas  contains  a  great- 
er proportion  of  light  and  caloric,  than  vital  air  con- 
tains ;  and  that  the  proportion  of  light  and  caloric  in 
thefe  two  gafes,  is  that  of  24  to   1  :     It  would  be  of 
great  ufe  to  aCcertain  bow  much  of  thefe  principles  hy- 
drogene  lofes  \^en  it  enters  into  folid  or  liquid  com? 

N  3  binations. 

♦  Sec  Mr  Kirwan's  work  on  this  fupjcfi;  or  the  French  tranfla- 
tlon  of  that  work*  with  notes  added.  F.  This  was  written  before 
Pr  Kirwan  bad  declared  himfcf  a  convert  to  the  French  theory.  H 
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binations.  Hydtogenous  gas,  no  dpubt,  conrains  a 
good  deal  of  fpecific  heat  or  caloric,  perhaps  even  of 
the  matter  ot  light ;  nor  is  it  always  feparated  from 
thefe  gafeous  matters  whenever  it  lofes  its  ftate  of  elaf- 
ticity,  and  paiTes  into  liquid  combinations. 

Hydrpgenous  gas  does  not  combine  with  water ;  it 
may  be  long  kept  under  that  fluid,  without  fuffering 
jiny  alteration.  At  length,  however,  it  is  fo  much  al- 
tered, as  to  be  no  longer  fufceptible  of  inflammation. 
Dr  Prieftley  has  not  determined  the  nature  of  this 
change,  nor  the  ftate  of  the  water  which  produces  it. 
Probably,  if  fuch  an  experiment  were  carefully  per- 
formed, it  would  throw  much  light  o|i  the  nature  of 
this  combu(libl^  body. 

Hydrogenous  gas  is  not  known  to  ad  either  on  earths 
or  on  any  of  the  three  falino-terrene  fubftances  ;  but  it 
deftroys  the  whitenefs  of  barytes,  and  conitnunicates  to 
it  a  colour ;  which  has  caufed  it  to  be  coniidered  as 
the  calx  or  oxide  of  fome  metal  ftill  unknown. 

We  know  not  what  eflfeas  the  alkalis  and  the  acids 
are  capable  of  producing  on  this  gas,  nor  what  changes 
it  produces  on  them.  It  would  probably  decompofe 
fome.  acids,  particularly  the  fulphuric  acid  and  the 
oxigenated  muriatic  acid,  by  combining  \;v'ith  their  oxi* 
gene  to  form  water.  As  tp  the  fulphuric  acid,  there  is 
reafon  to  think  it  liable  to  fuch  a  decompoiition  ;  for 
as  fulphur  does  not  decompofq  water,  (a  faft  of  which 
we  will  afterwards  have  occafion  to  take  notice),  the 
bafe  of  vital  air  has  certainly  a  flronger  aflinity  with 
hydrogene  than  with  fulphur.  The  oxigenated  muria- 
tic acid  has  fo  confiderable  an  excefs  of  oxigene,  and 
that  fo  imperfeQly  united  with  it,  that  we  may  with 

good 
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good  reafon  think  that  hydrogenous  gas  would  cany 
off  part  of  it  to  form  water. 

Hydrogenous  gas  does  not  leem  capable  of  a£ting  on 
neutral  falts  ;  but  its  influence  on  faline  fubftances  in 
general  has  not  yet  been  examined. 

This  gas  is  become  a  fubilance  of  much  more  con- 
fequence  than  formerly,  fince  it  has  been  made  ufe  of 
to  fill  aeroftatic  machines ;  a  difcovery  which  we  owe 
to  Meflrs  Mohtgolfier*  Its  fpecific  levity,  which  is 
diirteen  times  greater  than  that  of  air,  caufes  thofe 
machines  to  rife  in  the  atmofphere.  It  is  more  than 
probable  that  it  performs  an  important  part  in  all  the 
phxnomena  of  n^teors ;  that  there  is  a  great  quantity 
of  it  diffufed  through  the  atmofphere;  and  that  the  elec« 
trie  fpark  kindles  it,  and  caufes  it  to  produce  water. 
Perhaps  it  is  carried  about  in  the  winds  as  a  kind  of  na- 
tural aeroftatic* 

Attempts  have  been  made  to  fubftitute  it  in  the  room 
of  other  combuftible  matters  for  fome  of  the  purpofes 
of  life;  to  give  light^md-heat,  and  to  difcharge  fire- 
arms, &c.  M.  Volta  has  confidered  it  in  this  laft  point 
of  view,  and  has  propofed  fevera^  ways  of  making  ufe 
of  it.  M.  Nerete,  in  the  Journal  de  Phjfiqite  for  Ja- 
nuary 1777,  ^^^  given  a  defcription  of  a  chaffing-difh 
with  inflammable  gas.  M.  Furftenberger,  a  natural 
philofopher  at  Bale,  M.  Brender,  an  ingenious  me- 
chanic of  Augfburgh,  and  M.  Ehrman  Ledurer  in 
Natural  Philofophy  at  Strafburgh,  have  contrived  lamps 
which  may  be  kindled  at  night  liy  means  of  the  elec- 
tric fpark.  Laftly,  Artificial  fires,  aflx>rding  a  very 
9;(reeable  fpe&acle,  are  made  with  glafs  tubes,  va- 
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rioufiy  faant,  and  pierced  with  a  g^eat  may  |iole^.  Iq. 
flammable  gas  is  introduced  into  tbefe  tube^  from  a 
bladder  fi;Il  of  it,  through  a  copper  cock.  Wbep  the 
bladder  is  prefied,  the  inflammable  gas  pafle^  into  the 
tube,  iffues  out  through  all  the  holcs^  and  is  kindled 
by  a  burning  taper. 
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CHAP.    IV. 


Genii^  IIJ.    Sulphur. 


SULPHUR  is  a  combuftible  bodj;  dry,  very  brittle, 
of  a  citron  yellow  colour>  eadrely  without  fmell, 
except  when  it  is  bumt»  and  of  a  peculiar  tafte,  which 
is  weak,  though  perceptible  enough.  When  rubbed. 
It  becomes  electric.  When  a  large  piece  of  it  is  exfO' 
fed  to  a  nxoderat€  but  fuddea  heat,  as  for  iaft^nce,  by 
being  comprefled  in  the  hand,  it  crackles  and  breakf 
into  pieces. 

Sulphur  abounds  in  nature ;  fometimes  it  is  fopad 
pure,  aud  fometimes  in  combination  with  other  fub- 
(lances-  It  is  our  bufineis  liffG"^  fpeak  only  of  th; 
former.  The  following  are  the  varieties  of  pure  fuU 
phur. 

Varieties* 
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Varieties. 

1.  Tranfparent    fulphur   In  odohaedral    cryftals, 

with  two  truncated  pyramids.  It  is  generally 
depofited  by  water  on  the  furface  of  a  cal- 
careous fpar.     Cadiz  fulphur  is  of  this  kind. 

2.  Tranfparent  fulphur    in  irregular    fragments. 

The  fulphur  of  Switzerland  is  in  this  (late. 

3.  Whitifli  purverulent  fulphur,  depofited  in  fill- 

ceous  gaeodes.  There  are  flints  found  in 
Franche-Compte,  &c.  full  of  fulphur, 

4.  Pulverulent  fulphur,  depofited  on  the  furface 

of  mineral  waters  i  fuch  as  thofe  of  AixJa- 
Chapelle,  of  Enghien  near  Paris,  &c. 

5.  Cryftalline  fulphur  that  has  been  fublimated; 

the  cryftals  are  tranfparent ;  it  is  found  in 
places  adjacent  to  volcanoes. 

6.  Pulverulent  fulphur  fiiblimated  by  volcanoes; 

its  form  is  irregular,  and  it  is  often  intermix- 
ed with  foft  flones,  as  may  be  ob&rved  at 
Solfatara,  in  the  neighbourhood  of  Naples. 

7.  Sulphur  in  flaladites,  formed  by  volcanic  fires. 

Befide  thefe  feven  varieties  of  pure  mineral  ful- 
phur, this  fubflance  is  found  in  combination  with  va- 
rious other  matters.  It  is  mod  frequently  united  with 
metals,  which  are  then  in  the  fiatei  of  pyrites j  or  me- 
tallic fulphures  and  ores.  Sometimes  it  exifts  in  com- 
bination with  calcareous  matters  in  the  (late  of  earthy 
fulphure  or  liver  of  fulphur ;  fetid  calcareous  flones 
and  fwine-flone  appear  to  be  of  this  nature. 

Recent  difcoveries  extend  the  empire  of  this  mineral 
ftill  farther.     It  feems  to  be  daily  formed  in  animal 
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and  vegetable  matters  beginning  to  putrefy.  Though 
thefe  fpedes  of  fulphur  belong  not  properly  to  the  mi- 
neral kingdom  ;  yet,  to  complete  the  natural  hiftory 
of  this  fubftance,  we  fhall  fubjoin  them  to  the  preced- 
ing varietiei. 

Varieties. 

8.  Sulphur  in  cryftals,  formed  by  the  flow  de« 
compofition  of  an  accumulation  of  animal- 
matters.  Such  is  the  fulphur  found  in  the  old 
lay-ftalls,  near  the  gate  of  St  Anthony. 

9*  Pulverulent  fulphur,  formed  by  vapours  ari- 
fing  from  animal  matters  in  t^e  ftate  of  pu- 
trefadion ;  it  is  found  on  ftable-walls,  and  in 
privies,  &c. 
10.  Sulphur    extracted    from    various    vegetables, 
particularly  from  dock-root,   from  fpirit  of 
cochlearia,   &c.    For  this  difcovery  we  are 
indebted  to  Meflrs  Baume  and  Deyeux,  mem- 
bers of  the  College  of  Pharmacy,  and  Ledu- 
rers  in  Chemiftry,  &c. 
f  I.  Sulphur  obtained  by  M.  DejuiK  by  an  analy- 
iis  of  animal  matters,  particularly  of  the  white 
of  an  egg. 
1 2.  Sulphur  obtained  from  horfe-dung.     This  com- 
buftible  body  has  been  found  in  horfe-dung 
at  the  inftant  of  its  emilfion.     Very  probably 
future  obfervation  may  difcover  it  in  many 
other  animal  matters. 

But  none  of  all  thefe  varieties  of  fulphur  is  that 
^vk'hich  is  ufed  in  the  arts.    This  fulphur  is  extraded 
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bj  diftlilatioQ  from  metallic  compouncUy  of  which  it  it 
a  principle,  ^d  which  are  called  pyrites.  In  Saxony 
apd  Bohpmia,  it  is  put  into  earthen  tubes  in  fnoali 
pieces,  and  thus  placed  on  an  oblong  furnace.  One 
end  of  the  tube  (lands  in  the  furnace,  and  the  other 
pafles  into  a  fquare  vefTel  of  caft-iron  containing  water. 
The  fulphur  accumulates  in  this  receiver ;  but  it  is 
Tery  io^pure.  To  purify  it,  it  is  melted  in  an  iron 
ladk ;  th^  earthy  and  the  metallic  parts  are  then  pre^ 
cfpitated.  It  is  next  poured  into  a  copper  boiler,  in 
which  it  is  farther  purified  by  depofiting  other  extn- 
n^ous  n^ijtters.  After  b^ing  kept  here  in  fi^fion  for 
fome  time,  if  is  poured  into  cylindrical  wooden  moulds, 
wbi^h  give  it  the  form  in  which  we  ufu^lly  fee  it  in 
commerce.  The  precipitate  which  fubfides  to  the  bot- 
tom of  the  boiler  while  it  is  in  fufion,  is  grey  ^d  verj 
ioipure.  It  is  yery  impf  opqrly  cs^Ued  quick  fulphur.  In 
other  places,  as  at  RammerKberg  for  inftance,  fulphur 
IS  e^tra£ted  from  pyrites  by  a  fimple  procefs.  The  fuK 
phnr  of  mafles  of  pyrites  ro^fted  in  the  open  air, 
is  taken  off  in  ladles,  and  purified  by  a  fybfequent 

« 

fuGon. 

Sulphur  fuffers  i^o  akeration  from  th$  cofita£b  of 
light.  When  heated  in  clofe  vefTels,  it  becomes  foft, 
and  peUs  ;  and  wh^n  afterwards  cooled,  it  generally 
affumes  ^  red,  a  brown,  or  ^  greenifli  colour,  and  a 
needle  form.  The  pxoceCs  by  which  M.  Rouelle  cry- 
fiallized  it,  was  fufferirig  (he  inrfs^ce  to  congeal,  and 
afterwards  pouring  off^  the  fluid  beneath  :  the  under 
furface  of  the  cruft  then  exhibited  the  fulphur  in  needles 
crofling  each  other  in  various  dire£lioQS« 

When 
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Wbea  melted  fulphur  is  gently  heated,  it  valatifizek 
in  fmall  pulrerulent  parcels  of  a  citron  yellow,  which 
are  called  flm/ers  of  fulphur.  This  operation  is  era- 
ployed  fttccefsfuUy  to  .parify  fulphur,  though  it  is  the 
pureft  pait  Which  is  volatilized.  For  performing  this 
operation,  common  fulphur  in  powder  is  put  into  aH 
torthen  cucurbite,  which  is  fitted  with  earthen  pots 
•  inferted  oiie  iki  another,  and  known  by  the  name  of 
aludels.  The  upperihoft  of  thefe  pots  is  terminated  by 
a  reverfed  funnel ;  the  opening  of  which  forms  a  flight 
communication  between  the  interior  part  of  the  cucur- 
bite and  the  air.  The  cucurbite  is  then  heated  till  the 
ful)>hur  become  liquid  ;  which  at  that  degree  of  heat 
is  fublimated,  and  fixed  on  the  fides  of  the  aludels. 

Flowers  of  fulphur,  when  prepared  in  the  great 
way,  often  contain  a  little  fulphuric  acid,  which  is 
formed  by  the  combuftion  of  a  fmall  quantity  of  the 
fulphur,  in  confequeftce  of  the  vefliel's  contaitiing  a 
fmall  portion  of  air.  They  may  be  entirely  purified  by 
wafhing  them.  The  fulphur  made  ufe  of  in  medicine, 
and  in  nice  chemical.^xperiments,  (hould  be  prepared 
in  this  manner. 

When  fulphur  is  heated  in  fuch  a  way  that  air  has 
accefs  to  it,  it  kindles  and  burns  with  a  blue  flame  as 
l&>n  as  the  heat  caufes  it  to  melt,  if  the  heat  to  which 
it  is  ^xpofed  be  but  inconfiderable ;  but  when  expofed 
to  a  ftrong  heat,  it  gives  a  lively  white  flame.  In  the 
firft  .of  thefe  inftances  it  diflfufes  a  fuiFocating  fmell ; 
and  by  coUeding  the  vapours  which  exhale  from  it,  we 
obtain  a  portion  of  very  ftrong  fulphureous  acid.  When 
it  bums  rapidly  it  has  no  fmell,  and  the  refidue  is 
not  fulphureous,    but  fulphuric    acid.      Stahl,    who 

thought 
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thought  fulphur  to  be  a  compound  of  this  acid  ^th 
pblogidon,  imagined,  that  when  burnt  it  loft  its  tn^ 
flammable  principle,  and  was  of  confequence  reduced 
to  an  acid.  He  has  coUeded  fuch  a  number  of  facls 
in  fupport  of  his  opinion,  as  could  not  but  prevail  with 
fucceeding  chemifts  to  adopt  it.  But  fince  chemi(t& 
have  begun  to  attend  to  the  influence  of  air  in  combu- 
ftion  (a  circumftance  to  which  Stahl  appears  to  haTe 
psdd  fcarce  any  attention),  feveral  of  them,  ftruck  with 
the  difficulty  which  has  hitherto  been  found  in  all  at« 
tempts  to  prove  the  exiftence  of  phlpgifton,  and  with  the 
facility  with  which  all  objefUons  againft  that  dofbise 
may  be  anfwered  by  means  of  the  late  difcoveries  con- 
cerning the  nature  of  air,  have  adopted  an  opinion  di- 
re£tly  oppofite  to  StahPs  concerning  the  nature  and  the 
combuftion  of  fulphur. 

The  following  are  the  fafts  on  which  this  new  opi- 
nion is  founded.  Hales  obferved,  that  fulphur  abforbs 
a  great  quantity  of  air  when  it  burns.  M.  Lavoifiet 
has  fhown  that  fulphur  is  fubjedt  to  the  fame  laws  with 
other  combuftible  bodies :  i.  It  cannot  burn,  excq)t 
vital  air  have  accefs  to  it.  2.  During  its  combuftios, 
it  abforbs  the  pur  eft  part  of  that  air.  3.  That  pan  of 
atmofpheric  air  which  remains  after  it  has  contributed 
to  the  combuftion  of  fulphur,  can  no  longer  ferve  the 
fame  purpofe.  4.  The  fulphuric  acid  produced  by  tk 
combuftion  of  fulphur  is  equal  in  weight  not  only  to 
the  quantity  of  fulphur,  but  alfo  to  the  portion  of  air 
that  has  been  confumed.  5.  Confequently  fulphur 
muft  combine  with  the  bafe  of  pure  air,  or  oxigene,  in 
order  to  form  fulphuric  acid.     This  acid  is  therefore  a 

<;ompound  of  oxigene  with  fulphur  \  and  the  laft  of 
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thefe  IS  not  a  compound  body,  but  one  of  the  principlet 
of  the  fttlphuric  acid.  It  forms  the  acid  by  combining 
with  the  bafe  of  vital  air  or  oxigene ;  and  this  com- 
bination takes  place  when  it  is  expofed  to  combuft- 
ion.  Heat  is  neceflary  to  make  It  bum;  for,  hj 
dividing  it,  and  deftroying  its  aggregation,  it  pro- 
motes its  combination  with  oxigene.  When  once 
burnt,  or  combined  with  oxigene,  it  is  no  longer 
fufceptible  of  inflammation,  but  becomes  an  incombufti- 
ble  body. 

It  abforbs  various  quantities  of  oxigene,  and  becomes 
more  or  lefs  acid,  according  to  the  manner  in  which  it 
is  burnt.  Such  is  the  theory  of  the  diflference  between 
the  flow  end  the  rapid  combuftion  of  fulphur,  and  be- 
tween the  fttlphureous  and  the  fulphuric  acids,  which 
are  produced  by  thefe  combuftions.  Stahl  thought, 
that  when  fulphur  burnt  flowly,  it  did  not  lofe  all  its 
phlogifton;  and  that  the  fulphuric  acid  was  odorous 
and  volatile  in  confequence  of  its  retaining  part  of  it. 
It  is  now  experimentally  proved,  that  when  fulphur 
bums  flowly,  it  does  not  abforb  the  full  quantity  of 
oxigene,  with  which  it  is  capable  of  uniting  ;  but  when 
it  bums  rapidly,  it  abforbs  as  much  of  this  principle 
as  is  neceflary  for  the  formation  of  the  fulphuric 
acid.  The  fulphureous  acid,  in  combination  with  al- 
kaline matters,  pafles  into  fulphuric  acid,  by  abforb- 
ing  gradually  the  bafe  of  vital  air  from  the  atmo- 
fphere. 

This  theory  ferves  equally  to  explain  what  happens 
when  fulphur  is  formed  by  the  combination  of  the  fuU 
phuric  acid  with  certain  combuflible  matters,  as  in  the 
ioftances  we  have  already  mentioned,  with  fulphate  of 
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potafli  and  of  foda,  v^ith  ammotiiacal,  calcai'eous^  mag* 
nefian,  aluminous,  and  barytic  fuiphlte,  when  hesfted 
with  coal.  The  combuftlble  body  feiMs  the  6^igane 
contained  in  the  ftilphutic  acid^  ind  leaves  oAly  the  ful- 
}>hur,  which  is  its  othet  principle.  Whenever,  ther^ 
fore,  the  fulphutic  acid  is  converted  into  fulphar  by  a 
combtiftible  body,  the  latter  it  conftantly  reduced  to 
the  'ftate  of  a  burnt  body,  is  t^e  fhall  have  occaium  to 
fee  in  the  hiftory  of  feveral  of  the  metals.  Oti  this  ac- 
count a  large  quantity  of  carbonic  acid  is  obtained, 
when  fulphur  ts  artificially  produced,  as  the'o^dgene  of 
the  fulphiiric  acid  is  united  with  the  pHre  carbonaceous 
matter.  The  reader  may  fecolleft,  that  the  exiftence 
6f  oJtigeile,  or  the  bafe  of  pure  air  in  the  folpharic 
^cid,  is  eafily  demonftrabl^.  Yarious  attempts  hare 
been  made  to  determine  by  experiment  the  piroponioiis 
in  which  o^igene  and  fulphur  are  combined  iii  the  ful- 
phuric  acid,  in  the  fame  manner  as  the  proportions  d 
the  nitric,  the  carbonic,  and  the  phofphoric  acids  have 
been  determined. 

Sulphur  is  neither  liable  to  any  alteration  from  air, 
tior  foluble  in  water.  If,  after  being  kept  in  fufioli  till 
it  becomes  thick,  it  be  poured  into  water,  it  then  be- 
comes red,  and  retains  a  certain  degree  of  foftbeft^,  (o 
that  it  may  be  kneaded  in  the  hand  ;  but  in  a  few  diys 
it  lofes  thefe  properties.  Water  dropped  on  futj^uT 
ioct  not  feem  to  be  decompofed,  nor  contribute  to  the 
combuftion  of  the  fulphur ;  from  which  it  appears,  tint 
the  bafe  of  vital  air  or  oxigene  has  a  greater  affinity 
with  hydrogene  than  with  fulphur.  This  afleiticn  is 
tonfirmed  by  the  manner   in  which   hydrogenous 

gas 
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ps  afts  on  the  fulphuric  acid,  for  it  robs  it  of  ^ts 
oxiirene. 

Sulphur  does  not  ad  at  all  on  filiceous  earth ;  it  com- 
bines with  aluminous  earth,  but  not  without  great  dif- 
ficulty. This  earth,  however,  when  it  is  very  much 
attenuated,  appears  to  reduce  fulphur  to  the  ftate  of  an 
hepar  or  fetid  fulphure,  as  may  be  obferved  in  the  prepa- 
ration of  pyrophorus. 

A  compound  of  fulphur  with  alkaline  matttrs,  is  ge- 
nerally called  alkaline  fulphure^  bepar^  or  liver  of  fuU 
pbur.  This  compound  is  generally  of  a  lighter  or  a 
deeper  brown  colour,  like  the  liver  of  animals :  vital 
air  decompofes  it ;  water  diflblves  it,  cauiing  it  to  give 
out  a  fetid  fmell ;  the  acids  precipitate  the  fulphur, 
extricating  from  it  a  peculiar  gas,  which  was  at  firft 
named  hepatic  gas  ;  but  to  which,  in  allufion  to  its  na- 
ture, we  now  give  the  name  of  fulpburaied  hydrogenous 
las.  There  are  fix  fpecies  of  alkaline  fulphures  pro- 
duced by  barytes,  magnefia,  lime,  the  two  fixed  alkalis, 
and  ammoniac  or  volatile  alkali.  We  may  examine 
the  properties  of  each  of  thefe  by  itfelf. 

Pure  barytet  does  not  aft  ftrongly  on  fulphur,  when 
they  are  heated  together  in  water ;  the  product  is  a 
weak  fulphurated  or  hepatic  liquor :  but  in  the  dry 
wav,  the  two  bodies  enter  into  a  much  more  intimate 
combination.  Therefore,  when  a  mixture,  confifling 
ct  eight  parts  of  barytic  fulphate  in  powder  with  one 
part  of  coal,  is  expofed  in  a  crucible  to  a  ftrong  heat;  an 
incoherent  mafs  is  obtained  without  fufion,  w  hich  rea- 
dily diffulves  in  warm  water,  and  has  the  fmell  and  all 
the  other  characteriftics  of  an  hepar.  The  folution  is 
of  an  orange  or  goldt^n  yellow  colour.  I  have  difcover- 
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cd  that  it  cryftallizes  by  cooling.  Bary tic  fulphure  in 
cryftals  is  of  a  yellowifh  white  colour  :  when  expofed 
to  the  air,  it  attrafts  moifture  from  it,  affumes  a  deeper 
colour,  and  is  decompofed  ;  for  fome  part  of  the  ful- 
phur  is  precipitated,  and  barytic  fulphate  formed.  This 
fulphure,  when  precipitated  by  acids,  gives  out  an  c- 
laftic  fluid,  known  by  the  name  of  fulphurated  hydro- 
genous gas,  which  has  been  mentioned  above,  and  the 
peculiar  properties  of  which  we  will  afterwards  exa- 
mine.  When  barytic  fulphate  is  precipitated  by  the 
fulphuric  acid,  the  precipitate  is  found  to  confifl  of  both 
fulphur  and  barytic  fulphate  ;  but  when  the  nitric,  or 
the  muriatic  acid  is  employed,  the  barytic  nitrate  or 
muriate  remains  in  folution,  and  only  the  fulphur  fub- 
fides. 

Sulphur  combines  with  pure  magnefla  with  the  help 
of  heat.  The  neutral  fait,  which  we  call  carbonate  of 
magnejia,  is  commonly  ufed  for  this  combination,  ai 
diflblving  the  moft  readily  in  water.  A  fmall  portion 
of  magnefian  carbonate,  with  an  equal  quantity  of  flow- 
ers of  fulphur,  are  put  into  a  bottle  full  of  diftilled  wa- 
ter. This  veflfel,  entirely  emptied  of  air,  and  clofely 
flopped,  is  expofed  for  feveral  hours  to  the  heat  of  a 
balneum-mariae ;  the  water  is  then  filtrated  ;  it  has  the 
fetid  fmell  of  rotten  eggs  ;  it  communicates  an  high  co- 
lour to  folution^  of  metals;  it  gives  by  fpontaneous  en* 
poration,  fmall  cryftalline  needles ;  in  a  word,  it  is  a 
genuine  magnefian  fulphure.  The  magnefia  may  be  pre- 
cipitated by  one  of  the  fixed  alkalis, — which  have  a 
greater  affinity  than  it  with  fulphur.  The  acids  fepa- 
rate  the  fulphur  in  the  form  of  a  white  powder  j  from 
which  its  exiftence  in  this  mixture  is  certainly  known. 

Such 
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Such  was  the  liver  of  fulphur  which  M.  le  Roi,  phyfi- 
cian  at  Montpclier  diflblved  ia  pure  water,  in  order  to 
form  an  imitation  of  fulphureous  mineral  waters.  But 
it  is  now  known,  that  fcarce  any  of  thefc  waters  con- 
tains genuine  fulphure;  they  are  mineralized  by  fulphu- 
rated  hydrogenous  gas. 

Lime  unites  with  fulphur  with  much  more  rapidity 
and  eagernefs  than  either  of  the  two  former  falino-terrene 
fabftances.     When  a  little  water  is  flowly  poured  on  a 
n.ixture  of  quicklime  with  fulphur  in  powder,  the  heat 
difengaged  by  the  action  of  the  water  on  the  lime,  oc- 
cailons  a  combination  between  the  lime  and  the  fulphur. 
If  more  water  be  added,  the  mixture  aifumes  a  reduiiii 
colour,  and  exhales  a  fetid  odour.     It  retains  in  folu« 
tion,  the  fulphur  in  combination  with  the  lime.     It  is 
difficult  to  prepare  this  calcareous  fulphure  in  any  other 
way  but  the  humid.  When  the  lime  is  not  v^ry  cauftic, 
and  does  not  produce  much  heat  on  coming  into  contact 
with  water ;   it  is  often  found  neceifary  to  allift  the 
combination  by  a  moderate  fire.     This  compound  is  of 
a  h'ghter  or  a  deeper  red,  according  to  the  caufticity 
of  the  lime.     I  have  obferved,  that  when  the  folution 
i>  much  concentrated,  it  depofites,  by  cooling,  a  layer  of 
fmall  needle  cryftals,  of  an  orange  yellow,  arranged  in 
tufts,  which  to  me  appeared  to  be  compreflcd  tetrahai- 
dral  prifms,  terminating  in  dihsedral  fummits.     In  the 
air  thefe  cryftals  gradually  lofe  their  colour,  a;id  be- 
come white  and  opaque,  without  fuu^ring  any  alte- 
ration of  form.     Calcareous  fulphure,  moiftened  with  a 
iittle  water,  and  diftillcd  in  a  pneumato-chemical  ma- 
chine, is  decompofed  in  part,  and  affords  a  large  pro- 
portion  of  fulphurated  hydrogenous  gas.     If  evapo- 
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rated  to  drynefs^  and  calcined  in  a  crucible  till  it  ceale 
to  fume,  >vhat  remains  after  the  operation,  is  calcare- 
ous fulphate  formed  by  lime  and  the  fulphuric  acid  pro- 
duced by  the  flow  combuftion  of  the  fulphun  Galea- 
reous  fulphure  is  very  foon  altered  by  air;  as  its  gas  flies 
off,  it  lofes  its  fmell  and  colour.  When  diffolved  in  a  large 
quantity  of  water,  it  fufl^ers  the  fame  alteration  j  efpe- 
cially  if  it  be  (haken,  as  M.  Monnet  has  obferved  in  his 
Treatife  on  Mineral  Waters ;  what  remains  after  thefe 
alterations  is  calcareous  fulphate.  If  preferved  in  bottles, 
partly  empty,  it  depofites  a  blackifh  cruft  on  the  (ides 
of  the  bottles,  and  crufts  or  pellicles  are  from  time  lo 
time  formed,  which  (ink  to  the  bottom  of  the  liquor. 
If  the  vefTel  containing  it  be  clofely  ftopped,  it  remains 
long  unaltered,  as  I  have  often  obferved  in  my  own  la- 
boratory .  I  know  of  fome  of  this  preparation  which  was 
made  up  i  ^  years  ago,  and  which  (till  retains  its  colour 
and  fmell,  and  affords  a  copious  precipitate  when  acids 
are  applied  to  it.  Calcareous  fulphure  is  decompofed 
by  the  pure  fixed  alkalis,  which  have  a  greater  affinity 
with  fulphur  than  fulphur  has  with  lime.  Acids  pre- 
cipitate the  fulphur  in  the  form  of  a  very  fine  white 
powder,  which  has  received  the  name  of  magijier  cj 
fulphur.  The  carbonic  acid  effeds  this  precipitation, 
as  well  as  the  reft  of  the  acids.  The  manner  ia 
which  neutral  falts  afl:  on  calcareous  fulphure  is  un- 
known. 

The  two  fixed  alkalis,  in  a  pure  or  cauftic  ftate,  aft  ia 
a  very  remarkable  manner  on  fulphur.  They  form 
with  it  thofe  fulphures  which  are  moft  permanent  anJ 
lead  liable  to  decompofition.  I  have  difcovered  that 
the  fixed  alkalis  when  dry  and  very  cauftic,  aft  upon 
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fulphur  even  cold.     All  that  is  reqiiifite  to  promote 
this  phenomenon,  is  to  triturate  folid  potafh  or  foda  in 
a  mortar  with  powdered  fulphur.     The  mixture  be- 
comes foft,  affumes  a  yellow  colour,  exhales  a  fetid  o- 
dour,  and  forms  a  fulphure.     But  when  it  is  diiTolved 
in  water,  the  folution  is  only  of  a  pale  yellow  colour, 
and  does  not  contain  fo  great  a  quantity  of  fulphur  as 
the  fame  fulphure  prepared  with  heat.     Alkaline  ful- 
phure is  prepared  in  two  ways  in  the  laboratory, — the 
dry,  and  the  humid  way.     The  following  are  the  parti- 
culars of  the  firft  procefs  :  Equal  parts  of  pure  and  fo- 
lid potafh  or  foda  and  powdered  fulphur  are  put  into 
a  crucible  ;  heat  is  then  applied  till  the  mixture  be  en- 
tirely heated  ;  when  in  fufion,  it  is  poured  on  a  plain 
marble  furface ;   and  when  cooled,  it  difplays  a  deep 
red  colour,   like  the  liver  of  an  animal.     M.   Gen- 
gcmbre,  who  has  read  before  the  academy  an  account 
offome  very  valuable  experiments  on  fulphiirated  hy- 
drogenous gas,  has  made  an  important  obfervation  on 
alkaline  fulphure  prepared  in  the  dry  way.     It  is,  that 
this  compound  is  not  at  all  fetid,  and  exhales  no  ful- 
phuraijed  hydrogenous  gas  while  it  continues  dry.    Till 
it  be  diflblved  in  water,  or  attract  moifture  from  the  at- 
mofphere,  it  never  gives  out  any  fmell ;  from  which 
circumflance  it  appears,  that  the  difengagement  of  the 
fetid  gas  is  effefted  by  water,  as  we  fhall  afterwards  more 
particularly  explain.    The  two  fixed  alkalis,  when  pure 
and  cauftic,  aft  precifely  in  the  fame  manner  on  ful- 
phur, diflblving  it  likewife  in  the  dry  way.    Thefe  com- 
binations of  the  cauftic  alkalis  with  fulphur  have  as 
yet  been  but  very  little  examined  ;  alkaline  fulphure 
has  been  almoft  always  compofed  with  fixed  alkali,  fa- 
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turated  with  the  carbonic  acid.  There  are,  however, 
confiderable  differences  between  thefe  two  fulphure?. 
Firft,  thofe  which  are  made  up  with  effervefcent  fixed 
alkali,  require  more  time  to  be  taken  up  in  the  prepa- 
ration ;  for  fixed  alkali  is  lefs  a<fliVe  in  this  ftate  than 
when  jiure.  But  the  mofl:  important  difference  which 
we  have  had  occafion  to  obferve,  as  fubfifting  between 
fulphures  made  up  with  cauftic  fixed  alkali,  and  thofe 
nia.le  up  with  effervefcent  fixed  alkali  in  the  dry  way, 
is  the  comparative  flate  of  their  faturation.  The  for- 
mer are  more  fetid,  and  browner,  when  diffolvcd,  and  the 
gas.  which  they  afford  is  much  more  inflammable  than 
that  given  out  by  the  others.  The  latter  are  of  a  paler 
colour,  which  is  often  a  greenifh  grey  ;  their  fmcll  is 
fainter,  and  their  compofition  lefs  lafling.  It  appears 
tlut  the  fixed  alkalis  retain  a  portion  of  carbonic  acid, 
when  in  union  with  fulphur  ;  for  the  gas  of  thofe  fu!- 
phures,  in  which  fulphur  is  united  with  alkaline  carbo- 
nate, is  not  inflammable  till  after  being  wafhed  in  lime- 
water,  which  carries  off  the  acid.  In  the  prefence  of 
this  acid^  therefore,  and  in  its  power  of  enfeebling 
the  cauftic  qualities  of  alkali,  we  find  the  cauie  of 
thofe  appearances  which  diflinguifh  cauflic  fulphures 
from  fuch  as  are  not  cauflic. 

Solid  alkaline  fulphure,  compofed  with  either  of  the 
cauflic  fixed  alkalis,  is  extremely  fufible ;  air  decom- 
pofes  it  like  calcareous  fulphure.  When  heated  in  ciofe 
yeffels,  after  being  moiflened  with  a  little  water,  it  af- 
fords a  large  proportion  of  fulphurated  hydrogenous 
gas.  After  being  melted,  it  may  be  cryftallized  by 
cooling;  but  its  cryflallized  form  has  not  yet  been 
^ell  defcribed.     While  hot  and  dry,  it  is  of  a  brown 
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colour ;  in  proportion  as  it  cools,  and  attracts  moifture 
from  the  air,  it  lofes  that  colour,  and  becomes  paler ; 
in  a  (hort  time  air  caufes  it  to  aiTume  a  greenifii  yel- 
*  low  colour  ;  it  is  again  diiTolved  into  a  liquid,  and  be^* 
comes,  after  fomc  time,  fulphate  of  potafh  or  of  fo- 
da.  It  diiTolves  eafily  in  water ;  and  immediately  be« 
gins  to  exhale  a  peculiar  fetid  odour.  The  odorous 
gas,  which  before  had  no  cxillence,  is  now  formed  by 
the  reaction  of  the  water.  This  folution  has  a  deep 
red,  or  a  green  colour,  according  as  the  alkaline  fuU 
phure  is  newly  prepared  or  old.  Alkaline  liver  of  ful- 
phur  or  fulphure,  prepared  in  the  humid  way ;  by  heat* 
iog  in  a  matrafs,  cauflic  fixed  alkali  diiTolved  in  water, 
with  a  quantity  of  fulphur  in  powder  equal  to  half  its 
weight ;  exhibits  the  fame  properties  as  this  folution  ; 
and  we  may  give  the  hiftory  of  both  at  once  under  the  ' 
common  name  of  liquid  alkalint  fulphure* 

Liquid  alkaline  fulphure,  when  highly  concentrated, 
depofites  by  cooling,  irregular  needles.  It  is  liable  to 
decompofition  by  the  action  of  heat ;  when  difUUed  in 
a  pneumato-chemical  machine,  it  gives  fulphurated  hy- 
drogenous gas.  Air  likev^ife  decompofes  it ;  and  it  is 
then  covered  with  pellicles,  and  depofites  fulphur,  and 
becomes  turbrd.  Bergman  and  Scheele  have  proved 
this  decompofition  to  be  owing  to  the  vital  air  diffiifed 
through  the  atmofphere.  In  faft,  when  a  little  liquid 
alkaline  fulphure  is  put  into  a  bell-glafs  containing  vital 
air,  the  oxygene  is  entirely  abforbed,  and  the  vital  air 
decompofed.  Scheele  has  even  propofed  this  as  an 
eudiometer  :  and  it  is  now  acknowledged  to  be  one  of 
the  beft. 
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Neither  the  earths  nor  the  falino-terrene  fubftancei 
ad  upon  liquid  alkaline  fulphure  i^hen  it  is  very  pure : 
but,  when  it  has  been  prepared  with  carbonate  of 
potafli  or  foda,  lime-water  renders  it  turbid. .  The  a- 
eids  decompofe  it,  by  combining  with  the  alkali,  and 
precipitate  the  fulphur  in  the  form  of  a  fine  white 
powder.  ,  The  nitric  acid,  according  to  M.  Prouft, 
produces  a  detonation,  when  it  is  poured  on  folid  alka- 
line fulphure.  When  any  large  quantity  of  the  oy;Tge- 
nated  muriatic  acid  is  poured  on  a  folution  of  alkaline 
fulphure,  it  does  not  produce  any  precipitate,  or  at  lead 
but  a  yery  trifling  one ;  beqaufe  it  difTolves  the  fulphur 
again,  in  confequence  of  its  oxygene  being  nearly  free, 
and  uniting  fo  rapidly  with  that  combuftible  body  fo  as 
to  convert  it  into  fulphuric  acid.  The  certainty  of  this 
faft  may  be  farther  proved  by  pouring  a  portion  of  ba- 
rylic  muriate  into  the  mixture ;  a  copious  precipitate 
of  barytic  fulphate  is  then  produced.  All  the  adds, 
when  ihey  decompofe  this  fulphure,  caufe  it  to  give 
out  a  gas,  which  maybe  collected' into  a  pnuemato- 
chemical  machine,  and  is  worthy  of  a  particular  exa* 
mination. 

In  order  to  obtain  this  gas,  an  acid  muft  be  poured 
on  alkaline  fuphure  in  powder ;  a  lively  eflfervefcence 
is  then  produced,  which  would  not  take  place  in  the 
fame  manner  if  the  acid  were  poured  into  a  folution  of 
the  alkaline  fulphure.  This  phaenomenon,  which  has 
not  yet  fufficiently  engaged  the  attention  of  cheraifts, 
depends  upon  two  circumftances.  i.  Solid  alkaline 
fulphure  does  not  contain  hepatic  gas  or  fulpburated 
hydrogene  ready  formed,  as  has  been  obferved  by  M. 
Gengembre  ^  and  when  an  acid  is  poured  upon  it,  the 
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water  \vhich  holds  the  acids  in  folution,  contributes  to 
the  formation  of  hepatic  gas.  As  a  large  quantity  of  this 
gas  is  inftantly  produced,  finding  no  body  to  retain  it 
in  folution,  it  flies  off,  occafioning  at  the  fame  time 
a  confiderable  effcrvefcence ;  fo  that  if  the  experi- 
ment be  made  in  a  tubulated  Balk,  with  its  tube  in- 
ferred into  a  bell-glafs  filled  with  water,  the  elaftic 
fluid  may  be  eafily  collected.  2.  The  folution  of  al- 
kaline fulphure  contains  a  good  deal  of  g^s  ready- 
formed  ;  but  part  of  k  has  been  already  difengaged, 
when  the  fulphur  was  diifolved;  and  when  an  acid  is  ad- 
ded, the  portion  of  gas  which  it  difengages  is  gra- 
dually diifolved  in  the  water  ;  fo  that  it  produces  no 
fenfible  eflFervefcence,  or  at  leaft  a  very  inconfider- 
able  effervefcence,  and  no  great  quantity  of  gas  can  be 
coUefted. 

Sulphurated  hydrogenous  gas,  which  is  the  fame  in 
all  earthy  or  alkaline  fulphures,  an3  is  always  an  evi* 
dence  of  their  exiflence,  has  been  long  known  by  its 
fetid  fmell  and  its  action  on  metals  and  metallic  oxides, 
efpecially  thofe  of  lead  and  bifmuth,  which  it  very  foon 
blackens.  Its  fetor  is  quite  infufferable  ;  it  is  inftantly 
fatal  to  animals ;  it  communicates  a  green  colour  to  fy- 
rup  of  violets,  and  burns  with  a  light  blue  flame.  If 
fet  on  fire  in  a  large  bell-glafs,  very  fuitable  for  the 
purpofe,  it  clouds  the  fides  of  the  veifel,  as  it  burns, 
with  a  depofite,  which  is  certainly  fulphun  Vital  air 
decompofes  this  gas ;  whenever  it  comes  into  contad 
with  atmofpheric  air,  there  is  a  portion  of  fulphur  fepa- 
rated  from  it.  For  this  reafon,  the  fulphureous  waters, 
mineralized  by  it,  do  not  contain  genuine  alkaline  ful- 
phure }  though  fulphur  be  feen  fwimming  on  their  fur- 

faces. 
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Alkaline  fulphure  decompofes  earthy  neutral  falts 
as  well  as  folutions  of  metals ;  as  we  fhall  hereafter 
fee. 

Liquid  ammoniac  has  fcarce  any  power  of  ading  on 
concrete  fulphur.  Yet  Boerhaave  afferts,  that,  when 
that  liquor  ftands  long  over  flowers  of  fulphur,  it  tin- 
ges  them  with  a  golden  coloun  To  make  thefe  two 
bodies  enter  into  combination,  they  muft  be  in  the 
ftate  of  vapour  when  they  are  brought  into  contaft. 
For  this  purpofe,  a  mixture,  confiding  of  equal  parts 
of  quick-lime  and  ammoniacal  muriate,  and  half  a 
part  of  fulphur,  is  fubmitted  to  didillation.  In  this 
procefs,  which  mufl  be  carefully  conduced,  a  reddiih 
yellow  liquor  is  obtained,  of  a  pungent  and  fetid  alka- 
line fmell ;  in  a  word,  a  genuine  ammoniacal  fulphure, 
which  exhales  a  whitifli  fmoke  when  brought  into 
contaQ:  with  air,  from  which  property  it  has  received 
the  name  of  Boy le*s  fuming  liquor.  Heal  decompofes 
this  ammoniacal  fulphure :  in  a  certain  fpace  of  time,  a 
great  many  fmall  irifed  needles,  a  line  or  two  in  length, 
are  formed  in  it :  they  appear  to  be  concrete  ammonia- 
cal fulphure  in  cryftals.  A  thin,  blackiih,  and  often 
golden  cruft,  is  formed  on  the  fides  of  the  veffels.  Lime 
and  fixed  alkali  decompofe  the  fuming  liquor  ;  the  a- 
cids  too  precipitate  the  fulphur  with  great  facility,  and 
difengage  fulphurated  hydrogenous  gas  in  an  highly  in- 
flammable fl:ate.  From  thefe  decompofitions  there  re- 
fult  different  ammoniacal  falts,  according  to  the  nature 
of  the  acid  employed*.  A  miftake  which  I  made  in  one 
of  my  courfes,  led  me  to  obferve  a  faft  which  deferves 
to  be  laid  before  the  reader.  Wifliing  to  precipitate 
Boyle's  fuming  liquor,  I  took  up  a  flaflc  (landing  on 
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my  table,  and  infer ibed^/nV  of  vitriol:  it  was  almofl: 
empfy,  which  hindered  me  from  obferving  that  what 
it  contained  v(as  fulphuric  acid  highly  concentrated.  I 
poured  a  few  drops  of  it  on  ammoniac^l  fulphure  ;  a  ra- 
pid motion  was  inftantly  excited,  a  very  thick  white 
cloud  arofe  out  of  the  veifel  containing  the  mixture, 
and  it  produced  a  report  like  that  of  a  great  gun  ;  the 
liquor  fpringing  out  of  the  glafs,  was  carried  to  a  con- 
fiderable  diftance ;  the  glafs  became  very  hot,  and 
burft  into  pieces ;  on  fome  of  its  fragments  there  re- 
mained a  little  fulphur  in  a  thick  yellowifh  magma.  I 
repeated  this  experiment  many  times  with  proper  pre- 
cautions,  and  ftill  found  it  attended  with  the  fame  re- 
fult ;  a  violent  motion  was  produced,  and  the  mixture 
was  carried  to  a  diftance.  But  thefe  feveral  phaeno- 
mena  fucceed  each  other  fo  rapidly,  that  it  is  impoflible 
to  avoid  confounding  them.  I  have  not  found  the  moft 
fuming  nitrous  acid  to  produce  the  fame  eflfeds  on  am- 
moniacal  fulphure  that  had  been  prepared  fome  time  be- 
fore. The  mixture  was  violently  agitated ;  a  confider- 
able  degree  of  heat  and  ebullition  was  produced ;  a 
white  cloud  of  ammoniacal  nitrate  iffued  from  the  vef- 
fel ;  but  there  was  no  explofion,  luch  as  the  concentra- 
ted fulphuric  acid  produces  on  the  fame  hepatic  liquor, 
however  long  it  may  have  been  prepared.  M.  Prouft 
affirms,  that  when  nitrous  acid  is  poured  on  two  drams 
of  Boyle's  fuming  liquor,  it  produces  as  violent  a  (hock 
as  two  grains  of  fulminating  powder  could  produce. 
But  this  phaenomenon  does  not  take  place  unlefs 
the  ammoniacal  fulphure  have  been  recently  prepa-^ 
red. 

Ammoniacal 
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Ammoniacal  carbonate  likewife  combines  with  ful- 
phur.  When  thefe  two  bodies,  both  in  a  vaporouj 
ftate,  come  into  contaft,  they  combine  to  form  a  con- 
Crete  ammoniacal  fulphure.  It  is  obtained  by  diftilling 
a  mixture  confifting  of  equal  parts  of  carbonate  of  pot- 
afh  or  lime,  and  ammoniacal  muriate,  together  with 
half  a  part  of  fulphur.  This  fulphure  is  of  a  brown  red 
colour,  and  in  cryftals ;  when  diffolved,  it  exhales 
fome  white  vapour  :  heat  decompofcs  it ;  air  alters  it, 
and  deftroys  its  colour.  It  is  liable  to  decompofition 
by  acids,  &c.  The  fulphurated  hydrogenous  gas  which 
It  affords,  contains  carbonic  acid.  It  is  to  be  obferved, 
that  this  concrete  ammoniacal  fulphure  is  nothing  but 
ammoniacal  carbonate,  contaminated  with  a  little  of 
Boyle's  liquor ;  for  it  is  impoflibFe  for  ammoniac  to 
hold  fulphur  in  folution  when  combined  with  the  car- 
bonic acid,  as  this  acid  readily  precipitates  the  fulphur 
of  ammoniacal  fulphure. 

Several  of  the  acids  have  a  ftronger  or  a  weaker  pow- 
er of  a&ion  on  fulphur.  If  fulphuric  acid  be  boiled 
in  fulphur,  the  acid  acquires  an  amber  colour,  and  a 
fulphureous  fmell ;  the  fulphur  melts  and  fwims  like 
oil ;  when  cooled,  it  is  formed  into  concrete  globules 
of  a  lighter  or  a  deeper  green,  according  as  the  fulphur 
has  been  for  a  longer  or  a  (horter  time  in  folution.  A 
fmall  portion  of  the  fulphur  remains  diffolved  in  the 
acid,  but  may  be  precipitated,  asM,  Baume  has  ftovm, 
by  means  of  alkali.  This  experiment,  and  fcveral  o- 
thers  of  the  fame  nature,  have  led  M.  Berthollet  to 
think  that  the  fulphureous  is  nothing  but  the  fulphurk 
acid,  holding  fulphur  in  folution.  And  his  opinion 
aftually  agrees  with  all  the  modern  experiments  which 
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have  any  relation  to  this  matter ;  for  they  concur  in 
ihowing  that  the  fulphureous  differs  from  the  fuU 
phuric  acid  only,  by  coutaining  a  greater  proportion  of 
fulphur. 

The  flaming  red  nitrous  acid  a£ts  powerfully  on  ful- 
pmir.  M.  Proud  firil  obferved,  that  when  red  nitrous 
acid  is  poured  on  melted  fulphur,  it  occafions  detona- 
tion and  inflammation.  M.  Chaptal  has  made  a  fe- 
ries  of  experiments  on  this  matter.  By  diflilling  ni- 
trous acid  on  fulphur,  he  diffolvcd  it  fo  as  to  produce 
fulphuric  acid  :  and  it  appears  therefore,  that  oxigene 
has  a  greater  affinity  with  fulphur  than  with  azote  or 
nitrogene* 

The  common  muriatic  acid  effeds  no  alteration  on 
this  combuftible  body;  but  the  oxigenated  muriatic 
acid  ads  upon  it  "with  more  energy.  But  our  expe- 
rimental knowledge  of  this  facl  is  fo  imperfe£b  that  it  is 
unneceffary  ta  infill  longer  upon  it  here* 

Sulphuric  neutral  falts  are  incapable  of  ading  on  ful- 
phur ;  but  nitric  falts  caufe  it  to  burn  rapidly,  even 
in  clofe  veffels.  The  theory  of  this  important  phamo- 
menon  is  very.fimple.  Nitre  decompofed  by  heat  af- 
fords a  very  confiderable  quantity  of  vital  air  :  fulphur 
is  a  very  combuftible  fubftance,  or,  which  is  the  fame 
thing,  has  a  ftrong  tendency  to  combine  with  oxigene; 
nitre  affords  the  principle  neceffary  to  its  combuftion  ; 
fo  that  the  atmofpheric  air  is  no  longer  requifite  to 
make  it  flame.  The  produfts  obtained  by  this  opera- 
tion are  very  different,  according  as  the  nitre  and  the 
fulphur  are  employed  in  different  proportions.  If  a 
mixture  confifl:ing  of  eight  parts  of  fulphur  and  one  of 
nitre  be  fet  on  fire  in  a  clofe  veffcl,  the  fulphur  bums 
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with  a  very  lively  wKite  flame,  and  is  converted  into 
fulphuric  acid.  This  method  has  been  ufed  for  thefe 
twenty  years  in  England  and  Holland  for  preparirg 
this  acid,  which  was  formerly  obtained  from  vitriol.  Iq 
England,  large  glafs  balloons,  with  very  large  necks, 
holding  each  four  or  five  hundred  pints.  Were  the  veflels 
firft  ufed  in  making  this  preparation.  A  number  of 
thefe  were  arranged  together  on  a  bed  of  fand  ;  they 
were  difpofed  in  two  lines  at  a  proper  diftance  from 
each  other,  fo  that  a  perfon  might  conveniently  go  and 
come  between  them  :  a  few  pounds  of  water  were  put 
in  each  of  the  vefTels,  and  a  (lone  pot  was  introduced 
into  the  neck  of  each,  having  upon  it  a  red-hot  ladle 
of  cafl  iron  with  a  long  handle.  Into  this  ladle,  by 
means  of  another  ladle  of  white  iron,  there  was  put  a 
mixture  of  fulphur  and  nitre  in  due  proportions :  after 
which  the  apperture  of  the  balloon  was  flopped  with  a 
piece  of  wood.  The  heat  of  the  ladle  kindled  the 
mixture ;  the  fulphur  was  burnt  by  the  vital  air  of 
the  nitre ;  and  after  the  combuftion  was  effeded,  the 
ladle  was  taken  out,  and  the  vapours  fuffered  to  con- 
denfe.  The  fame  operation  was  repeated  on  all  the 
balloons  of  the  two  rows ;  fo  that  when  the  operator 
returned  to  the  firft  balloon,  he  found  the  vapours  en- 
tirely condenfed,  *^and  might  proceed  to  burn  in  it  a 
new  quantity  of  the  mixture.  When  the  water  ^ras 
fufficiently  faturated  with  the  acid,  it  was  poured  out 
into  glafs  retorts :  the  water  was  then  feparated  by  di- 
ftillation,  and  the  acid  concentrated,  till  a  phial  con- 
taining an  ounce  of  diflilled  water  would  receive  a 
quantity  of  It  weighing  one  ounce  feven  drams  and  an 
half.     Such  was  the  Englifh  procefs  for  preparing  «/ 
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9/ vitriol,  or  concentrated  fulphuric  acid.     But  it  was 
attended  with  great  expence,  on  account  of  the  high 
price  and  the  brittlenefs  of  the  balloons.     A  few  years 
ago,  there  was  a  method'  contrived  of  burning  fulphur 
on  a  fort  of  gridirons  in  large  apartments  lined  all  over 
witn  lead ;  the  fulphuric  acid,  as  it  condenfed,  is  con- 
veyed by  gutters  into  a  refervoir,  and  afterwards  con- 
centrated by  the  action  of  fire.     This  is  the  procefs 
ufed  in  the  manufaftory  of  Javelle  near  Paris ;  the 
eRabliHiment  of  which  cannot  but  be  of  advantage  to 
the  arts.     It  is  of  confequence  to  obferve,  thafr  the  ful- 
phuric acid  thus  obtained  is  always  in  union  with  a 
little  fulphur  and  fulphate  of  potafli ;  it  is    likcwife 
found  to  contain  a  little  aluminous  fulphate  and  fome 
fulphate  of  lead.     But  thefe  fubftances  are  mixed  with 
it  in  fo  inconfiderable  a  proporrion,  that  their  effects 
are  of  no  confequence  in  mod  of  the  occafions  on  which 
this  faline  matter  is  eaiployed  :  befides,  it  may  be  eafi- 
ly  purified,   by  diftilling  it  to  drynefs,   fo   as    to   be 
citable  enough  even  for  the  niceft  chemical  experi- 
iiccts. 

If  inftead  of  an  eighth  part  of  nitre,  we  burn  equal 

arts  of  fulphur  and  of  nitre  ;  then,  inftead  of  fulphuric 

iciu  in  a  free  ftate,  the  produd  obtained  is  fulphate  of 

)jtafh,   formed  by  the  combination  of  that  acid  with 

he  fixed  alkaline  bafe  of  nitre.     Salt  obtained  in  this 

manner  was  called  Ghfcr^s  polychrcjl  fult.     It  was  pre- 

art'd  by  caftin^j  into  a  red-hot  crucible,  a  mixture  con- 

:li:i!:;  of  equal  parts  of  Tulj^liur  and  nitre.   The  refidue 

.'^  iiilTwivcd  ia  water,  and  the  folution  evaporated  to 

pcliick  ;   it  was   then  filtered,  and  aflbrJed  by  cool- 

::r  cry Uals  of  genuine  fulphate  of  potafn  ;  which  re- 
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ceived  their  particular  denomination,  becaufe  Glafef 
was  the  firft  who  made  known  this  mode  of  prepara. 
tion  :  but  the  fait  thus  obtained  differs  in  no  refpect 
from  common  fulphate  of  potafh. 

Gunpowder,  the  terrible  effefts  of  which  areoving 
to  its  ftrong  tendency  to  combuftion,  is  a  mixture  of 
fulphur  and  nitre  with  charcoal.  Moft  part  of  it  is 
nitre  ;  the  proportion  of  charcoal  is  much  fmallerj  and 
it  contains  but  a  very  trifling  quantity  of  fulphur.  An 
hundred  pounds  of  gun-powder  from  EiTone  near  Cor- 
beil,  contain  feventy  five  pounds  of  nitre,  nine  and 
an  half  of  fulphur,  and  fifteen  of  charcoal.  This 
mixture  is  triturated  for  ten  or  twelve  hours  in 
wooden  mortars,  with  peftles*  of  ihe  fame  fubftance; 
.  ^  very  fmall  portion  of  water  is  from  time  to  time 
poured  upon  it.  When  the  fluid  is  almoft  whol- 
ly evaporated  by  the  trituration,  fo  that  the  pow- 
der may  be  put  on  a  ftone-plate  without  wetting  it,  ic 
is  then  taken  away  to  be  granulated.  The  granulation 
of  powder  is  accompliflied  by  pafling  it  thro*  feveralfkin- 
fieves,  which  are  moved  backwards  and  forwards  in  a 
llrai<rht  line.  The  holes  of  thefe  fieves  are  of  various 
fizes,  the  fmalleft  being  thofe  which  form  grains  of 
gun-powder.  The  granulated  powder  is  next  (M 
to  fcoarate  the  duft  :  it  is  then  carried  to  the  houfe  for 

A 

drying  it ;  which  is  a  ihed  expofed  to  the  fouth,  aci 
receiving  the  rays  of  the  fun  through  glafs  winder^. 
Cannon-powder  receives  no  farther  preparation.  Mui- 
ket  powder  is  glazed,  that  it  may  not  foil  the  hands. 
To  perform  this  operation,  a  caflT  with  a  fquareaxii 
paffmg  through  it,  which  communicates  with  a  w^^^^ 
V^heel^  is  half  filled  with  powder.     The  motion  of  th' 
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talk  occafions  a  contyiued  friaion,  by  which  the  grains 
of  the  powder  are  worn  fmooth.     The  powder  thus 
glazed,  is  paffed  through  a  fieve  to  feparate  the  duft  ; 
and  afterwards  through  another  fieve,  which  divides 
the.  grains  into  two  kinds  of  muftet-powder,  a  finer  and 
a  coarfer.     M.  Baume,  in  conjundion  with  the  Che- 
valier  d'Arcy,  has  made  a  feries  of  laborious  experi- 
ments  on  the  preparation  of  powder,  on  the  different  dei 
?rees  of  the  force  of  this  compound  fubfJance,  accord- 
ing  as  its  ingredients  are  mixed  in  different  proper^ 
tions,   and  on  its  analyfis.     In  the  courfe  of  thefe,  the 
gentlemen  have  made  a  variety  of  difcoveries,  of  which 
we  fhall  here  mention  only  the  moft  important,  and 
fuch  as  have  a  more  immediate  connedion  with  the 
theory  of  chemiftry.     i.  No  good  powder  can  be  made 
Without  fulphur,  though  this  mode  of  preparing  it  has 
been  attempted  by  fcveral  people :  fulphur  increafes  its 
ftrength   amazingly.     2.  All  coals,  whether  light  or 
Ponderous,  excej^t  fuch  as  are  formed  by  the  combu- 
ftion  of  animal  matters,  are  equally  proper  for  this  com- 
P-fition.     3.  Coal  is  one  of  the  moft  effential  parts  of 
powder  ;  for  a  mixture  of  fulphur  and  nitre  fs  far  from 
producing  the  fame  effeds  as   when  coal  is  added, 
-i.  The  goodnefs  of  powder  depends  entirely  on  the  fub- 
ftances  of  which  it  is  compofed  being  duly  proportion- 
ed, and  the  trituration  being  continued  till  the  matter 
*"e  in  duft  all  around  the  mortar.     5.  The  effefts  of 
powder  are  much  more  powerful  when  it  is  fimply 
dried  than  when  it  is  granulated.     The  moifture  ne- 
c^Siry  to  make  powder  affume  a  granulated  form  cry- 
ftillizes  the  iriire,  which  is  then  feparated  from  the 
°:!ier  fubftances  j  and  ft  may  be  perceived  in  the  inte-      • 
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rior  part  of  the  grains,  if  they  be  cut  afunder,  and  a* 
amined  through  a  magnifier.  6.  Glazed  or  mulket- 
powder  has  lefs  ftrength  than  cannon-powder,  vhidi 
has  not  undergone  the  fame  operation ;  becaufc  the  par. 
tides  of  the  former  are  more  clofely  united,  and  of 
confequence  not  fa  inflammable^. 

As  to  the  analyfis  of  powder,  M .  Baume  effe&ed  that 
in  a  very  fimple  way.  His  procefs  confifls  in  walhbg 
cannon-powder,  after  it  has  been  fuificiently  puhc- 
rized,  with  diftilled  water,  and  evaporating  the  water: 
by  this  firfl:  operation  the  nitre  is  obtained ;  the  ret 
due  is  the  charcoal  and  the  fulphur.  The  fulptiur 
ieems  to  be  in  part  fixed  by  the  coal,  fo  that  it  can- 
not be  entirely  feparated  by  fublimation.  M.  Bauice 
employed  a  faint  heat,  capable  of  burning  fulphur  bat 
not  charcoal.  The  charcoal,  however,  always  retains 
a  littk'  fulphur ;  for  as  that  chemift  has  obferved,  it  a* 
hales  a  fuiphureous  fmell  till  it  be  entirely  reduced  to 
afhes.  He  eflimates  the  fulphur  retained  by  the  char- 
coal at  one  twenty-fourth  part  of  the  total  weigit. 
The  powder  may  likewife  be  difiblved,  by  expofing  it 
entire  and  unwafhen  to  'the  action  of  a  moderate  fire. 
This  hSi  was  known  to  Mr  Robins,  who  gives  an  ac- 
count in  his  Treatife  on  Gunnery,  written  in  Engbfii- 
Poachers  are  faid  to  be  in  the  pra£tice  of  deprino^c 
powder  of  its  fi^phur  by  heating  it  on  warm  aibes  *^ 
a  tin  plate.  They  are  perfuaded  from  experience,  tlu: 
powder  thus  deprived  of  its  fulphur,  expels  the  fliot  'si 
a  farther  diftance,  and  is  leaft  injurious  to  the  fire- 
arms. 

Chemifts  and  natural  philofophers  have  entertai2£<i 

irarious  opinions  concerning  the  violent  effefts  of  giHi* 

powder- 
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powder.  Some  have  attributed  them  to  the  redudion  of 
the  water  to  vapour  ;  others  to  the  fudden  dilation  of 
the  air.  M.  Banm6  thinks  that  they  are  owing  to  the  for^ 
mation  of  nitrous  fulphor  at  the  moment  of  combuftion. 
In  my  opinion  this  phenomenon  may  be  very  eafily 
explained,  with  the  help  of  the  modem  difcoveries. 
In  order  to  underftand  my  theory,  the  reader  mud 
iirft  take  notice^  that  whatever  pafles  during  the  inflam- 
mation of  powder  it  owing  to  its  extreme  combuftibi* 
lity.  But  both  fulphur  and  charcoal,  when  they  have 
undergone  a  confiderable  comminution,  are  very  in- 
flammable bodies.  The  intimate  mixture  which  has 
fuch  an  influence  on  the  (Irength  of  powder,  according 
to  the  valuable  experiments  of  M.  Baum^,  is  the  fole 
caufe  of  the  efiFeds  which  it  produces.  The  nitre  is 
equally  diftributed  through  all  the  integrant  parts  of 
thefe  extremely  combufUble  bodies.  As  the  quantity 
of  the  nitre  is  much  more  confiderable  than  that  of  ei- 
ther of  them,  each  particle  of  the  fulphur  and  the  char- 
coal is  inclofed,  and  as  it  were  incrufted  in  nitre.  Each 
of  the  two  cembuftible  bodies  has  of  confequence  much 
more  vital  air  than  is  requifite  to  make  it  bum  camplete- 
ly ;  for  it  has  been  fhown  that  nitre,  when  afted  upon  by 
heat,  gives  out  a  confiderable  quantity  of  that  fluid. 
The  fame  thing  happens  therefore  in  this  cafe  as  when  a 
combuftible  body  is  immerfedinto  aveflel  filled  with  vital 
air.  On  fuch  an  occafion  it  is  known,  that  the  body 
fcintillates  while  it  burns,  and  is  much  fooner  con- 
fumed  than  it  would  have  been  in  atmofpheric  air. 
From  this  we  can  eafily  conceive  the  caufe  of  the  rapid 
inflammation  of  gun-powder ;  why  it  takes  place  in 
clofe  veflels  as  well  as  in  the  open  air  j  and  wjiy,  when 
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any  obftacle  is  oppofed  to  fo  terrible  an  agent,  it  produ- 
ces fuch  explofions,  and  expels  the  obftacle  with  fuch 
violence. 

The  effefts  of  this  mixture-  of  nitre,  fulphur,  and 
charcoal,  are  nothing  in  comparifon  with  thofe  produ- 
ced by  another  mixture  called  fulminating  powder. 
That  powder  is  made  up  of  three  ounces  of  nitre,  two 
of  carbonate  of  potafh,  or  Jixed  fait  of  tartar ^  very  drj^ 
and  one  of  pow'dfgred  fulphur.  This  mixture  is  tritu- 
rated in  a  hot  marble  mortar  with  a  wooden  peftle, 
till  the  three  matters  be  fully  mixed.  A  dram  of  this 
powder  expofed  to  a  moderate  heat  in  an  iron  ladle, 
melts,  and  in  a  (hort  time  produces  a  detonation  as 
loud  as  the  report  of  a  cannon.  To  underftand  the 
caufe  of  this  phaenomenon,  which  is  the  more  aftonifii- 
ipg,  becaufe  fulminating  powder  does  not  need  to  be 
inclofed  and  preffed  together  like  gun-powder,  in  or- 
der that  it  may  produce  it,  we  muft  obferve,  1 .  That  it 
does  not  take  place,  except  when  the  mixture  is  flowly 
heated,  till  it  becon^.e  liquid.  2.  That  when  fulmi- 
nating powder  is  caft  oh  burning  coals,  it  only  mtlts 
like  nitre,  without  noife.  3.  That  a  mixture  of  ful- 
phure  of  polafh  with  nitre,  in  the  proportion  of  one  pan 
of  the  firft  fubftance  to  two  of  the  fecond,  fulminares 
more  rapidly,  and  with  as  much  noife  as  that  which  is 
made  up  of  fulphur^  nitre,  and  alkali.  It  appean 
therefore,  that  when  fulminating  powder  is  heated,  i: 
produces  fulphure  of  potafti  before  detonizing.  TL's 
faft  alone  explains  the  phaenomenon  which  we  are  coa- 
lidering.  When  nitre  in  cryftals  and  fulphure  of  pof- 
jifh  are  expofed  to  the  aftion  of  heat,  fulphurated  hy- 
drogenous gas  is  difengaged  from  the  fulphure,  and  vi- 
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til  air  from  the  fait.  Thefe  two  gafes,  which,  as  we 
have  feen  in  the  hiftory  of  hydrogenous  gas,  are  ca- 
pable of  producing  a  fmart  detonation,  are  inflamed  by 
a  part  of  the  fulphur  which  kindles  of  itfelf.  But  as 
the  thick  fluid  through  which  they  muft  pafs  oppofes 
an  obftacle  to  their  inflammation,  and  as  they  kindle 
on  all  fides  at  once,  they  ftrike  the  air  with  fuch  rapi- 
dity in  their  corabuflion,  that  it  refills  them  in  the 
fame  manner  as.the  fides  of  fire-arras  refifts  gun-pow- 
der. This  refiilance  appears  evidently  from  the  eflPefts 
which  fulminating  powder  produces  on  the  ladle  in 
which  it  is  expofed  to  the  fire ;  the  bottom  of  that  vef- 
fel  is  pierced  through,  or  bulged  outwards,  and  its  fides 
are  bent  inwards,  as  if  it  had  been  expofed  to  the  ac- 
tion of  a  force  direded  perpendicularly  downwards,  and 
of  another  acting  laterally. 

The  laft  mixture  of  nitre  and  fulphur  which  we 
have  to  confider,  is  called  powder  of  fujton.     It  is  made 
up  of  three  parts  of  nitre,  one  of  fulphur,  and  one  of 
faw-duft.    A  little  of  this  powder  is  put  into  a  nut-ihell, 
with  a  bit  of  copper  roiled  together ;   fire  is  then  fet  to 
it ;   it  kindles  and  burns  with  rapidity,  melting  the 
piece  of  copper,  which  is  afterwards  found  in  that  ftate 
in  the  bottom  of  the  fliell ;  though  the  (hell  is  only 
blackened,  not  burnt.     But  it  is  neceflfary  to  immerfe 
it  in  water  as  foon  as  the  powder  ceafes  burning.    This 
experiment  proves  the  powder  employed  in  it  to  be  a 
very  fufible  matter.     But  as  it  is  mo(l!y  owing  to  tlie 
aftion   of  the  fulphur  on  the   metal,  we   will  take 
more  particular  notice  of  it  in  the  hiftory  of  metallic 
matters. 

P  4  TL- 
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The  muriatic,  the  fluoric,  and  the  boracic  neutral 
falts,  have  no  power  of  aftion  on  fulphur.  We  have 
feen,  that  the  alkaline  carbonates  unite  with  this  fub- 
ftance,  and  render  it  foluble  in  water,  by  forming  alka- 
line fulphures  which  are  not  cauftic. 

Hydrogenous  gas  does  not  aft  in  a  determinate  man- 
ner on  fulphur.  Formerly,  it  was  quite  natural  to  find 
a  ftronc;  analogy  between  thefe  two  bodies ;  for  when 
fulph uric  acid  diluted  in  water  is  combined  with  com- 
buflible  matters,  it  produces  hydrogenous  gas  ;  and  if 
it  be  concentrattrd,  it  afford?  fulphur.  Sulphur  is  like- 
wife  formed  in  large  malTes  of  putrefying  animal  mat- 
ters.  When  combined  with  alkaline  matters,  fulphur 
appears  to  fuffer  an  alteration  of  nature,  pafling  into 
the  (late  of  fulphurated  or  hepatic  hydrogenous  gas. 
Laftly,  Hydrogenous  gas  afts  on  a  great  many  bodies, 
nearly  in  the  fame  way  as  fulphur.  We  might  ftill 
think,  therefore,  that  thefe  two  bodies  were  in  fomc 
meafure  the  fame,  were  it  not  fully  demonftrated,  that 
hydrogenous  gas  is  almoft  always  produced  by  the  de- 
compofition  of  water,  and  equally  certain  that  fulphur 
is  never  a  principle  of  that  fubftance. 

Sulphur  is  capable  of  combining  with  many  other 
fubftances ;  but  as  we  are  ftill  unacquainted  with  thofe 
fubftunces,  we  will  defer  giving  an  account  of  their  u- 
nion  with  this  mineral,  till  we  come  to  defcribe  their 
properties. 

Sulphur  is  an  excellent  medicine  for  pituitous  difea- 
fes  of  the  lungs,  and  ftill  more  fo  for  cutaneous  difor- 
ders.  It  is  fuccefffully  adminiftered  in  the  cafe  of  the 
humid  afthma,  and  in  fcorbutic  eruptions,  &c.  It  is 
given  cither  in  flowers  or  in  lozenges  made  up  with  fu- 

gar. 
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gar.  It  is  mixed  with  fats  into  an  ointment  for  rub- 
bing fuch  parts  of  the  body  as  are  affected  with  the 
itch.  Alkaline  fulphures  have  been  propofed  as  reme- 
dies for  obftrudionsy  numbnefs,  palfies,  cutaneous  dif* 
orders,  &c.  Some  pbylicians  have  fuppofed,  that  ful- 
phur  is  not  diflblved  in  animal  humours ;  yet  it  is 
certain  that  it  penetrates  to  the  extremities  of  the  moft 
minute  veiTels  ;  for  the  breath,  the  urine,  and  the  faliva 
of  perfons,  who  make  ufe  of  fulphur,  are  impregnated 
vith  it.  Sulphurated  hydrogenous  gas  diflblved  in  mi- 
neral waters,  as  in  thofe  of  Cauterets,  Aix-la  Chapelle, 
Barege,  Enghien,  &c.  communicates  to  them  inci- 
five  qualities,  which  render  them  very  ferviceable  in 
diforders  of  the  ikin,  lungs,  and  joints,  and  in  palfie?, 
&c. 

Sulphur  is  no  lefs  ufeful  in  the  arts.  It  is  one  of  the 
mofl  neceflary  ingredients  of  gun-powder.  It  is  ufed 
in  taking  the  fined  impreOions  of  engravings  on  ftone  ; 
it  is  made  into  combullible  matches ;  it  is  burnt  to 
whiten  filks,  to  deftroy  certain  colours,  and  to  put  a 
flop  to  the  fermentation  of  wines,  &c.  It  has  been  pro- 
pofed for  fixing  iron  in  ftones,  &c. 
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Genus  IV.      Metallic  Sub/lances  in  general. 


METALLIC  fubftances  are  a  i^ry  important  and 
ufeful  order  of  natural  bodies,  in  their  applica- 
tion to  the  purpofes  of  common  life,  in  chemiftry,  and 
in  medicine.  They  are  eflentially  different  from  faline 
and  earthy  matters,  both  in  their  phyfical  charafteriftics 
and  in  their  chemical  properties. 

Before  entering  upon  a  particular  examination  of 
each  of  thefe  fubftances,  it  will  be  proper  to  confider 
them  in  general.  In  doing  this,  we  (hall  treat,  i.  Of 
their  phyfical  properties.  2.  Of  their  natural  hiftory. 
3.  Of  the  art  of  affaying  them,  or  determining  their  na- 
ture and  quantity.  4.  Of  metallurgy,  or  the  art  of 
working  them  in  the  great  way.     5.  Of  their  chemical 

properties 
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properties.  6.  Of  the  means  of  diftinguiQiiag  them 
from  one  another,  and  of  the  diftlndions  neccefTary  to 
be  made  among  them. 


I  I.      0/  the  Phyjical    Properties  of   Metallic  Sut^ 

fiances* 


METALLIC  fubftances  are  abfolutely  opaque ;  much 
more  fo  than  ftones ;  for  a  very  thin  plate,  even  of 
the  mod  opaque  (tone,  is  in  fome  degree  tranfparent ; 
whereas  the  thinned  plate  that  can  be  formed  of  any 
metal  is  equally  opaque  with  the  largeft  mafs.  The 
opacity  of  metallic  fubftances  renders  them  peculiarly 
fuitable  for  reflefting  the  rays  of  light :  no  body  pof- 
feffes  this  property  in  fo  eminent  a  degree  as  they ; 
glafs  mirrors  muft  be  coated  with  metal  in  order  that 
they  may  refleft  objefts.  This  property  peculiar  to  me- 
tals is  the  caufe  of  their  luftre  or  brilliancy  ;  a  quality 
which  is  always  in  the  compound  ratio  of  the  denfity 
or  hardnefs  of  any  metal  which  enables  it  to  receive  a 
fine  polifli,  and  of  its  colour.  White  metallic  fubftan- 
ces reflect  more  rays,  and  are  more  brilliant  than  thofe 
which  are  coloured. 

The  fpecific  gravity  of  metallic  fubftances  is  much 
more  confiderable  than  that  of  ether  mineral  bodies. 
^  cubic  foot  of  marble  weighs  but  two  hundred  and 
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fifty.two  pounds ;  a  cubic  foot  of  tin,  which  is  the 
lighted  of  all  metals,  weighs  five  hundred  and  fixteen 
pounds.  This  fuperior  gravity  of  metals,  which  fo 
much  exceds  that  of  earthy  matters,  deperids  no  doubt 
on  their  extraordinary  dcnfity,  to  which  they  owe  like- 
wife  their  luftre  and  opacity. 

Moft  metallic  fubftances  may  be  dilated  by  repeated 
percuffion,  or  by  ftrong  prefTure.  This  property,  which 
is  peculiar  to  thefe  fubftances,  and  of  which  we  have 
not  before  had  occafion  to  take  notice  in  any  of  the 
matters  which  we  have  hitherto  been  examining,  bears 
the  name  of  Du^ility.  It  may  be  diftinguifhed  into 
two  kinds  :  the  one,  duftility  under  the  hammer,  or 
malleability^  makes  thofe  metals  to  which  it  belongs  to 
admit  of  being  beaten  out  into  thin  plates  without 
breaking  :  lead  and  t'n  are  metals  pofTefling  this  kind 
of  duftility.  The  other  is  the  continued  and  almofl 
extreme  prolongation  of  metallic  matters,  fo  as  to  form 
them  into  threads  of  more  or  lefs  finenefs  :  this  is  the 
duftility  of  wire,  of  which  iron,  copper,  and  gold  arc 
fufceptible.  It  is  likewife  called  tenacity.  It  is  of  the  more 
confequence  to  diftinguifh  accurately  between  thefe  two 
fpecies  cf  ducliliiy,  becaufe  they  appear  to  be  really  very 
diflFerent  from  each  other ;  for  metallic  fubftances  which 
are  very  malleable  often  have  fcarce  any  tenacity ; 
while  others,  which  have  much  of  the  duftility  of  wire, 
are  fcarcely  malleable.  *  The  tenacity  of  metals  may  be 
very  accurately  exprefled  by  mentioning  the  weight 
which  a  wire  of  any  metal  of  a  known  diameter  is  ca- 
pable of  fuftaining  without  breaking.  Both  of  thefe 
properties  feem  to  depend  on  the  particular  form  of  the 
integrant  parts  of  the  vartous  metals  to  which  they  be- 
long. 
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Ions:.  Metals  which  admit  of  bein;^  beat  out  into  thin 
plates,  feem  to  confifl;  of  fmall  laminx,  which,  when 
comprefled,  are  removed  from  a  vertical  to  a  lateral  di- 
redion  in  regard  to  each  other,  fo  that  th::  fuperBcies  of 
the  mafs  is  encreafed  while  its  thicknefs  is  diiuinifhed. 
Thofe  again  which  are  fufceptible  of  being  fpun  into 
wire,  feem  to  have  a  fibrous  contexture :  their  fibres 
being  difpofed  in  collateral  bundles,  unite  and  eke  out 
one  another,  when  expofed  to  that  violent  preiTure 
which  forms  them  into  wire. 

But  the  dufUlity  of  metals  goes  only  to  a  certain  length. 
When  any  metal,  however  dudile,  has  been  repeated* 
ly  beaten  with  an  hammer,  it  becomes  hard  and  brittle^ 
and  its  length  can  be  no  farther  extended.  This  pro- 
perty is  named  induration.  When  an  indurated  metal 
is  flowly  heated  with  proper  precautions,  it  regains  its 
ductility,  and  may  be  again  ftruck  with  the  hammer 
without  danger  of  breaking.  It  appears  that  the  parts  of 
any  metal  are  lengthened  out  under  the  hammer  only  in 
proportion  as  they  find  fpace,  which  they  may  occupy 
when  they  flee  the  preflure  to  which  they  are  expofed. 
And  it  may  be  eafily  uixderdood,  that  when  thofe  parts' 
have  been  once  fo  clofcly  compreiTed  by  percuflion  that 
fcarce  any  interflices  remain  between  them,  they  can 
no  longer  efcape  from  under  the  hammer,  and  the  me- 
tal muft  therefore  break  into  pieces.  Heat,  by  di- 
lating the  metal,  again  feparat^  its  parts,  and  pro- 
duces new  fpaces  between  them,  which  afford  them 
room  to  unite  more  clofely  in  confequence  of  repeated 
percuflion. 

As  fome  metallic  fubftances  are  not  at  all  ductile, 
chemifb-aad  naturalifts  have  diflinguiflicd  metals  into 
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clafles,  according  as  they  poflfefs  or  want  this  property. 
They  give  the  name  of  metals  to  thofe  fubftances  in 
which  the  properties  of  duftility,  opacity,  gravity,  and 
metallic  brilliancy  are  united ;  and  they  call  thofey?;7z/- 
metals^  which,  though  apparently  metallic,  arc  defti- 
tute  of  duftility.  But  this  diftindtion,  though  accurate 
enough,  is  infufEcient  to  divide  all  metallic  matters  in- 
to two  clafles ;  for,  from  the  amazing  duftiiity  of  gold 
to  the  fingular  brittlenfefs  of  arfenic,  we  find  all  metals 
poffeffed  of  this  property, — varying  in  them  indeed  by 
infenfible  degrees :  and  the  difference  between  the 
duftility  of  gold  and  that  of  lead  is  perhaps  flill  more 
confiderdble  than  that  which  fubfifls  in  this  refpeft  bet- 
ween lead  and  zinc  which  is  reckoned  a  femi-metal, 
or  between  zinc  and  arfenic.  Befides,  the  wordy?m/- 
Tfietal  is  expreflive  of  a  very  hypothetical  opinion  con- 
cerning the  nature  and  formation  of  metals. 

Metals,  confidered  with  refpeft  to  their  duflility, 
may  be  arranged  in  the  following  order.  Gold  is  the 
moft  malleable  of  all  metals :  filver,  copper,  iron,  tin, 
and  lead,  follow  in  the  order  in  which  they  are  here 
ezpreifed.  The  femr-metals  have  been  confidered  as 
deftitute  of  dudility.  We  fhall  fee,  however,  that 
mercury  and  zinc  poffefs  this  property  in  a  certain  de- 
gree. As  to  tenacity,  gold  poffeffes  this  property  like- 
wife  in  the  moft  eminent  degree ;  next  follow  iron, 
copper,  filver,  tin,  and  lead.  We  know  not  well  in 
what  degree  platina  poffefTes  this  property. 

Metallic  fubftances  are  fufceptible  of  a  regular  form, 
which  is  fometimes  conferred  on  them  by  the  hand  of 
nature  ;  and  they  readily  receive  it  from  art.  Natu- 
ralifts  have  long  been  acquainted  with  this  property  of 
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metals ;  native  bifmuth,  virgin  filver,  with  fome  other 
metals,  are  of  a  regular  form  in  their  natural  ftate.  E- 
ven  the  alchemifts  painfully  obferved  the  ramified  or 
ftellate  figures  on  the  furface  of  aniimony  and  bifmuth. 
M.  Baume,  in  his  rational  and  experimental  chemiftry, 
informs  us,  that  metallic  matters,  after  being  melted, 
aflTume,  if  llowly  cooled,  a  regular  fymraetrical  arrange- 
ment. The  Abbe  Mongez,  who  accompanied  M.  de  la 
Peyroufe  on  his  voyage  round  the  world,  has  made  a 
feries  of  enquiries  and  experiments  on  the  crydallization 
of  metallic  matters.  M.  ^rongniart,  ledurer  on  che- 
miftry  in  the  King's  garden,  has  alfo  turned  his  atten- 
tion to  this  objeft  ;  and  many  other  chemifts  have  re- 
peated their  experiments.  The  general  refult  is,  that 
all  metals  are  fufceptible  of  cryftallization;  and  though 
the  cryftalline  form  of  fome  among  them  may  appear 
different,  moft  of  ^em  exhibit  the  fame  oAohasdral 
form,  with  fome  variety  of  modifications. 

Some  metallic  matters  have  both  tafle  and  fmell ; 
fuch  as  arfenic,  antimony,  lead,  copper,  tin,  and  irpn. 
Thefe  properties  are  invariably  met  with  in  all  the  me- 
tals that  are  the  moft  liable  to  alteration ;  fometimes 
even  in  fo  eminent  a  degree,  that  they  corrode  and  en- 
tirely deftroy  the  organs  of  animals. 


sn. 
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%  II.  The  Natural  Hijlory  of  Metallic  Sub/lances. 


METALLIC  fubftances  exift  in  the  interior  parts  of 
the  earth  in  four  different  ftates.  In  the  firft, 
the  metal  is  virgin  or  native  ;  that  is,  poffeffcd  of  all 
its  properties.  Gold  is  always  found  in  this  ilate ;  fil- 
ver,  copper,  mercury,  bifmuth.  and  arfenic,  are  of. 
ten  found  in  their  native  beds  in  a  (late  of  equal 
purity:  Nature  feldom  prefents  us  with  iron,  and 
(till  feldomer  with  lead,  zinc,  antimony,  &c.  in  this 
ftate. 

The  fecond  ftate  in  which  metallic  fubftances  are 
found  is  that  of  calces^  or  oxides  j  in  which  ftate  they 
have  not  the  appearance  of  metals,  but  rather  refemble 
ochres  or  earthy  matters.  Copper  is  often  found  ia 
the  ftate  of  a  green  or  blue  oxide ;  iron  in  a  yellow, 
red,  or  brown  oxide  ;  lead  in  a  white,  grey,  yellow,  or 
reddilh  oxide  ;  zinc  in  the  ftate  of  calamine  j  cobalt  in 
red  flowers ,;  arfenic  in  a  white  oxide,  &c. 

The  third  ftate  natural  to  metals,  that  in  which  they 
are  commonly  found,  is  in  ores.  In  this  ftate  the  metal- 
lic fubftance  is  combined  with  a  combuftibic  matter, 
which  renders  it  incapable  of  exerting  its  properties  nil 
it  be  feparated  from  this  matter.  This  matter,  which 
is  called  thtmineralizer^  is  either  fulphur  or  fome  other 
metal.  Some  chemifts  aflcrt,  that  fulphur  is  the  moft 
common  mineralizer.  It  is  united  with  filver  in  vi- 
treous filver  ore.  Copper  ores  always  contain  a  very 
large  proportion  of  fulphur.     Iron  is  combined  with 
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this  fubftance  in  the  martial  pyrites ;  lead  in  the  ga- 
lena ;  mercury  in  cinnabar ;  zinc  in  blend ;  laftly,  bif- 
muth  is  fometimes,  and  arfenic  often,  found  in  union 
with  fulphur. 

It  is  proper  to  obferve,  that  all  metals  have  not  the 
fame  affinity  with .  fulphun  Some  of  Ihem  contain  a 
great  quantity,  and  are  eafily  deprived  of  it.  Their 
metallic  luftre  is  but  little  altered  by  it.  Copper,  lead, 
and  antimony  are  of  this  character.  Others  again  con- 
tain but  a  fmall  portion  of  fulphur ;  but  that  fo  inti- 
mately united  v/ith  them  as  to  deftroy  all  their  metal* 
lie  properties :   cinnabar  affords  an  inllance  of  this 

One  metal  is  fometimes  in  union  with  another ;  but 
arfenic  is  the  great  mineralizer.  Iron,  tin,  and  cobalt 
are  often  found  in  union  with  aretenic ;  fometimes  a  me- 
tal is  united  with  both  fulphur  and  arfenic  at  the  fame 
time ;  as  for  inftance^  in  the  red  ore  of  antimony,  and 
in  red  filven  Ladly,  there  are  fome  metallic;  ores  which 
confift  of  feveral  metals,  with  feveral  mineralizing  fub- 
ftances,  fuch  as  grey  copper  ore,  grey  filver  ore,  and 
fome  others. 

The  fourth  (late  in  which  metals  are  found  in  the 
bowels  of  the  earth  is  in  combination  with  acid  faline 
fubftances.  The  fulphuric  acid  is  often  found  in  com- 
bination with  metals  ;  the  oxides  of  zinc,  lead,  copper, 
and  iron,  are  generally  in  the  (late  of  fulphates  ;  the 
carbonic  acid  is  one  of  the  common  mineralizers  of  men- 
tals :  the  muriatic^  the  arfenic,  and  the  phofphoric  acids 
have  been  within  thefe  few  years  proved  to  contribute 
at  times  to  the  fame  end. 

Vol.  II.  C^  Metallic 
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Metallic  fubftances  are  not  nearly  fo  copious  as  ftony 
matters  in  the  terreftrial  globe.  The  ftate  in  which 
mineralized  metals  are  mod  commonly  found  is  in  veins 
obliquely  interfering  the  ftrata  of  earths  and  ftones  of 
which  mountains  are  compofed.  Metals  in  the  ftate 
of  .oxides  or  falts  are  often  found  in  maflfes,  which  have 
been  carried  down,  and  fometimes  cryftallized,  by  wa« 
ter.  Some  metallic  ores  are  found  in  (hapelefs  lumps; 
thefe  owe  their  formation  to  fome  Angular  accidents. 

Veins  of  metal  run  between  ftony  matters,  which 
feem  to  have  been  formed  at  the  fame  period.  Thefe 
are  generally  quartz  and  fpar,  and  fprm  two  ftrata: 
the  one  lying  beneath  the  vein  of  ore  is  called  the  bedy 
otjioor  of  the  mine ;  the  other,  which  covers  it  above, 
is  called  its  roof.  Thefe  ftones  conftitute  what  is  call* 
ed  the  gangue^  or  matrix  of  the  mine^  which  muft  not 
be  confounded  with  the  mineralizer;  for  the  mine* 
ralizer  is  fo  intimately  united  with  the  metal,  that  it 
cannot  be  feparated  from  it  otherwife  than  by  a  che- 
mical procefs ;  whereas  the  gangue  may  be  feparated  by 
a  mechanical  operation.  The  gangue  confifts  of  cryf* 
tallized  ftones ;  and  is  therefore  to  be  diftinguiih- 
ed  from  the  rock  which  forms  the  mafs  of  the  hill 
through  which  the  mine  runs.  Veins  of  metal  are 
divided  into  rich  or  poor^  large  or  fmallj  Jiraigbt  or 
Crooked. 

Metallic  ores  appear  to  owe  their  formation  entirely 
to  water.  Moft  of  them  are  in  cryftals,  or  mixed  with 
fubftances  which  would  have  fuftered  an  alteration  of 
nature,  if  they  had  been  expofed  to  the  aftion  of  fire, 
fuch  as  calcareous  ftones  and  fulphur.  We  find  b*ke> 
wife  among  them  bodies  which  ftill  exhibit  a  vegetable 
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or  animal  organization,  which  would  alfo  have  been 
deftroyed,  had  it  been  expofed  to  the  aftion  of  fire. 
There  are  i>erhaps  fome  ores  which  owe  their  forma- 
tion to  fire ;  fuch  as  the  fpecular  iron  ore  of  Mont 
d'Or  in  Auvcrgne,  or  that  of  the  ifle  of  Elba.  But 
fuch  inftances  are  rare. 

Mines  are  more  generally  found  in  hills  than  in 
plains^  and  almoft  always  in  hills  forming  a  continued 
range.  It  is  obferved,  that  plants  growing  on  hills 
which  contain  metallic  matters  are  never  luxuriant,  but 
dry  and  dwarfifh :  trees  in  fuch  a  fituation  are  crooked 
and  ill  fhaped  :  fnow  melts  there  almofl  as  loon  as  it 
falls ;  and  the  fand  is  metal-coloured.  Springs  of  me- 
tallic mineral-water  are  found  in  the  neighbourhood* 
By  examining  the  waters  of  thefe  fprings,  and  the 
fand  over  which  they  floW,  it  may  be  determined  with 
a  good  deal  of  certainty  whether  they  communicate 
with  veins  of  metallic  matters.  When  veins  of  metal 
appear  near  the  furface,  fuch  an  indication  may  be 
confidered  as  a  good  reafon  for  piercing  the  ground  to 
a  greater  depth.  The  boring  inftrument  brings  up 
fpecimens  of  the  fubflances  which  compofe  the  inte- 
rior part  of  the  mountain,  and  of  the  metallic  mineral 
matter  which  it  (Contains  ;  thereby  fhowing  the  nature 
of  that  matter,  as  well  as  the  refiftance  which  muft  be 
overcome  in  order  to  penetrate  to  it. 


C^a  §  nil 
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§  III.     0/the  Art  cf  AJfaying  Ores^  or  Docimq/la^ 


WHEN  a  certain  quantity  of  ore  is  obtained,  it  is 
next  to  be  aflayed,  in  order  that  its  nature  may 
be  exaflly  determined.  This  allaying  of  ores  is  one  of 
the  moft  important  branches  of  chemiftry,  and  is  known 
by  the  name  of  docimqfia*  Every  different  ore  muft  be 
affayed  in  a  particular  manner:  yet  there  are  cer- 
tain general  operations  common  to  all  procefles  of  af- 
£iying. 

Spechnens  of  thj^ore  are  firft  fcleded  frpm  among 
the  richeft,  the  pooreft,  and  thofe  of  a  middle  nature 
between  the  two%  This  feledion  is  abfolutely  necef* 
fary ;  for  if  only  a  rich  fpedmen  were  aflayed,  too  flat* 
tering  hopes  might  be  excited  ;  were  the  fpecimen  af- 
fayed from  the  pooreft,  the  refult  might  be  too  dif- 
couraging.  The  fpecimens  thus  fele&ed  are  piled  one 
above  another,  and  well  waihed  with  water.  The  fluid 
carries  off  the  gangue  in  powder,  while  the  more  pen* 
derous  mineral  remains  in  the  bottom  of  the  veflel. 
The  ore  thus  waflied  muft  next  be  roafted  with  due 
care,  in  order  that  as  much  as  poflible  of  the  minera- 
lizer  may  be  carried  off  by  fublimation  :  the  mineral 
when  fubjeded  to  this  operation  muft  be  inclofed  in  a 
fmall  earthen  pot  covered  over  with  another.  This  is 
a  neceffary  precaution,  as  fome  ores  burft  into  pieces 
when  expofed  to  the  a&ion  of  fire,  and  fly  out  of  the 
veffel  if.  it  be  left  open ;  and  fuch  an  accident  would 

render  the  refult  quite  uncertain.    When  this  roaftiog 
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performed  in  the  open  air,  it  generally  reduces  the 
metal  to  an  oxide  ;  and  if  it  be  of  a  volatile  nature, 
even  drives  off  a  part  of  it ;  and  therefore  we  would 
rather  advife  the  roafting  of  ore  in  a  ftone  retort.  This 
procefs  is  indeed  more  tedious  and  difficult ;  but  it  dif- 
covers  the  nature  and  quantity  of  the  mineralizer,  and 
affords  a  much  more  accurate  analyfis  of  the  mineral  un« 
der  examination.  When  an  ore  ha^  been  kept  red-hot, 
till  it  ceafe  to  exhale  vapours,  the  roafting  is  then  fi- 
aiihed.  The  ore  was  weighed  before  and  aft^r  being 
waihed,  in  order  that  the  quantity  of  its  gangue  might 
be  exadly  determined ;  and  it  is  to  be  again  weighed 
after  the  roafting,  in  order  that  it  may  be  known  ho^ 
much  it  has  loft  by  the  operation. 

After  being  roafted,  the  ore  muft  next  be  melted.  For 
this  purpofe,  it  is  mixed  with  three  parts  of  black  flux 
and  a  little  decrepitated  muriate  of  foda :  the  mixture 
is  put  into  a  crucible,  which  is  covered  clofe  with  %  Kd, 
and  placed  in  a  good  fufing  furnace.  The  alkali  of  the 
black  flux  melts  the  metal,  and  abforbs  any  part  of  the 
mineralizer  which  ftill  may  remain  in  the  ore.  The 
coal  of  the  tartar  which  is  found  in  the  black  £ux 
ferves  to  reduce  the  oxide  of  the  metal,  by  abforbing 
its  oxigene.  The  muriate  of  foda  hinders  the  mixture 
from  fuffering  any  lofs  while  in  fufion  ;  becaufe  being, 
when  melted,  lighter  than  any  of  the  other  matters,  it 
alway  occupies  the  upper  part  of  the  crucible,  covers 
the  mixture,  and  is  the  only  one  of  the  fubftances  of 
which  any  part  is  loft. 

When  the  fufion  is  finifhed,  the  contents  of  the  cru- 
cible muft  be  permitted  to  cool  llowly.  The  matter 
may  be  inferred  to  have  been  completely  ipelted,  if  the 
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metal  be  united  in  one  lump,  the  fuperior  furface  of 
that  lump  being  of  a  convex  form ;  if  no  grains  of  it 
appear  interncixed  with  the  fcori^e  ;  and  if  the  fcoriat 
be  united  in  one  compaA,  uniform,  vitreous  mafs,  co- 
vered over  with  a  cruft  of  melted  marine  fait.  The 
lump  of  metal  is  to  be  carefully  weighed,  and  the  pro- 
portion in  which  the  metal  exifts  in  the  ore  is  then  dif- 
covered. 

Biit  fome  ores  are  harder  and  more  refrafl:ory.  Fluxes 
of  a  more  aftive  nature,  and  thofe  in  greater  quantity, 
muft  then  be  employed  ;  fuch  as  borax,  pounded  glafe, 
fixed  alkali,  &c.  The  fame  mineral  often  contains  an 
intermixture  of  perfeQ:  and  imperfed  metals.  Thefe 
may  be  feparateJ  by  heating  the  lump  of  metal  in  the  air. 
The  iniperfed  metal  is  converted  to  an  oxide,  and  car- 
ried off,  leaving  the  perfed  metal  in  a  ftate  of  puritf. 
This  operation  bears  the  general  name  of  refining. 
The  perfect  metal  obtained  by  this  procefs  is  almofi  al- 
ways a  mixture  of  gold  and  filver.  Thefe  two  inetal> 
are  feparated  by  a  fblvent  which  a£ts  on  the  filven 
leaving  the  gold  uninjured:  this  operation  is  call* 
cd  parting  them.  The  rcfidues  of  ajl  tbefe  pro- 
ceiTes  fhould  be  weighed  in  the  aflay-balance. 

Accurate  as  this  feries  of  procefles  may  appear,  it  ii 
often  of  lef s  utility  than  one  lefs  nicely  conducted ;  for 
where  works  of  this  kind  are  conduced  on  a  gre:t 
fcale,  cheaper  materials  arc  ufed,  and  lefs  caution  is 
cbferved.  Ore  is  then  to  be  affayed  by  melting  it  en 
coals  in  a  fufing  furnace.  The  coals  reduce  the  m^ 
tallic  oxide ;  and  the  fixed  alkali,  which  is  produceJ 
as  they  burn,  abforbs  part  of  the  mineraUzer.  It  i* 
fometimes  found  neceffary  to  add  a  fmall  quanety  o: 
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filings  or  fcoriae  of  iron,  in  order  to  facilitate  the  fufion 
of  very  refraftory  ores. 

There  is  a  method  of  aflaying  metals  in  the  humid 
way,  which  may  be  employed  to  difcover  what  metals 
are  contained  in  pieces  of  ore  meant  to  be  laid  up  in 
colledions  of  the  objeds  of  natural  hiftory.  A  fmall 
bit,  broken  off  from  the  piece  of  ore,  is  digefted  among 
acids,  which  diffolve  the  metal,  and  feparate  the  mine- 
ralizer*  The  fait  produced  by  the  union  of  the  metal 
with  the  acid  fhows  the  quality  of  the  metal.  But  as 
all  metals  are  not  fubjeft  to  the  adion  of  acids,  only 
certain  ores  can  be  aiTayed  in  this  manner.  Bergman 
has  written  an  excellent  differtation  on  the  affaying  of 
metals  in  the  humid  way,  which  the  reader  may  con- 
fulc  with  advantage. 


aos 


§  IV.  Of  the  Art  of  Extrafling  and  Purifying  Metals  in 

the  great  way^  or  of  Metallurgy. 

WHEN  it  appears  from  a  particular  affay,  that  the 
working  of  a  mine  is  likely  to  be  profitable, 
the  following  train  of  operations  are  then  to  be  employ- 
ed for  the  purpofe.  A  perpendicular  fquare  pit  is  dug 
in  the  groimd,  large  enough  to  admit  ftraight  laddeit 
on  which  the  workmen  may  go  down  and  come  up. 
An  axis  is  ufually  placed  over  the  mouth  of  the  pit, 

9,4  i^ 
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for  the  purpofe  of  raifing  up  buckets  filled  with  the 
mineral ;  pumps  too  are  fometimes  put  into  it  for  car- 
rying  oiF  the  water.  If  the  mine  be  fo  deep  that  one 
perpendicular  pit  cannot  be  carried  down  fo  far  as  to 
^reach  the  floor  of  the  ore,  an  horizontal  drift  is  formed, 
at  the  efid  of  which  a  new  (haft  is  funk,  and  this  is  done 
repeatedly,  till  the  laft  (haft  penetrate  to  the  bottom  of 
the  mine. 

If  the  rock  through  which  the  works  are  carried  be 
fo  hard  and  firm  as  to  be  in  no  danger  of  falling  down, 
there  will  then  be  no  occafion  for  propping  it  with  any 
artificial  fupport.  But  if  they  be  cut  through  foft  (lone, 
or  earth  likely  to  crumble  down ;  it  will  then  be  necef- 
fary  to  prop  the  galleries  or  drifts,  and  to  line  the  (hafts 

*       •  »        - 

with  planks. 

*It  is  an  objefl:  of  confe<|uence  to  procure  regular  fup. 
plies  of  frefh  air  in  mines.  Where  it  is  practicable  to 
open  a  paffage  from  the  bottom  of  a  (haft,  which  may 
communicate  with  the  plane  below,  a  current  of  air  is 
eafily  produced.  Where  this  cannot  be  effeftcd,  a  new 
(haft  is  funk  at  that  part  of  the  gallery  which  is  moft 
diftant  from  the  former  (haft.     When  one  of  thefe  two 

-  •  ',  ■  •  < 

(hafts  is  higher  than  the  ot|ier,  the  air  eafily  circulates ; 
but  if  they  be  equally  high,  a  current  of  air  cannot  be 
produced.  When  the  laft  is  the  cafe,  a  fire  is  kindled 
in  a  furnace  over  the  mouth  of  one  of  the  (hafts,  and 

•  •  •  •     « 

fulEcient  fupplies  of  frefh  air  are  thus  conveyed  regular- 
ly into  the  gallery. 

Water  is  very  troublefome  in  mines.  If  it  flow  dow- 
ly  through  the  earth,  it  is  then  condufted  in  a  channel 
along  the  floor  of  the  mine,  and  conveyed  by  a  flopia^ 
drift  into  the  next  river.     If  it  rife  in  greater  abun- 

danc*' 


Metallic  Subjlances.  249 

■ 

dance  it  is  carried  off  by  pumps.  Sometimes  when  a 
rock  is  cut,  a  quantity  of  water  burfts  out,  fufEcient  to 
fill  all  the  galleries  in  an  inftant.  The  refounding  of 
the  rock  when  it  is  flruck,  warns  the  workmen  before 
this  event  take  place  ;  and  they  prepare  for  it  by  form^ 
ing  a  door  in  one  of  the  galleries  j  one  of  the  miners 
cuts  the  rock  to  give  vent  to  the  water,  and  inftantly 
retires,  (hutting  the  door,  which  hinders  the  water  from 
overtaking  him. 

Vapours  confiding  of  carbonic  acid  ai^d  hydrogenous 
gas  iffue  from  mines,  and  are  either  difengaged  or  form* 
ed  by  the  mutual  re-adion  of  the  mineral  and  metallic 
matters. .  The  fires  which  are  neceffary  to  foften  tl^c 
rock,  generally  contribute  to  the  difengagement  of 
thofe  gafeous  fubftances ;  the  dangerous  effeds  of 
which  cannot  be  otherwife  prevented,  but  by  rapid  cur- 
rents of  air,  or  by  detonation. 

When  the  miTieral  is  dug  and  brought  out  of  the 
earth,  it  is  then  pounded,  waflied,  roafted,  melted,  and 
refined.  It  is  pounded  by  large  knockers  moved  by 
water ;  thefe  are  called  (in  French)  bocards.  When 
it  is  pounded,  it  is  put  on  inclined  tables  to  be  wafh- 
ed,  in  order  that  the  water  may  run  off,  and  carry 
with  it  the  gangue.  Ores  containing  much  fulphur 
fliould  be  roafted  in  the  open  air ;  thofe  which  con- 
tain but  a  little  fulphur  nfty  be  roafted  in  the  fur- 
naces in  which  they  are  to  be  afterwards  melted. 
Some  ores  melt  by  themfelves  ;  o:i:ers  require  fluxes 
to  difpofe  them  to  fufion,  and  inuil  like  wife  be  put 
into  contad  with  charcoal,  Funa^ui  r>r  fufion  are  of 
various  kinds,  according  to  the  country  and  quality 
of  the  ore.      Furnaces  for  refining  are  conftrufted 

nearly 
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nearly  in  the  fanie  manner  as  the  others.  Sometimes 
the  fame  furnace  ferves  for  both  operations.  When 
inetals  are  thus  reduced,  there  are  almoft  always  fe- 
Tcral  of  theui  intermixed  together.  They  muft  then 
be  feparated  by  proceflfes  entirely  of  a  chemical  nature, 
ubich  (hall  be  defcribed  when  we  treat  feparately  of 
the  different  metals. 


§  V.  0/*  the  Chemical  Properties  of  Metallic  Subjianau 

ALL  the  chemical  properties  of  metallic  fubftances 
concur  to  reprefent  them  as  fimple  matters,  not 
liable  to  decompofition*  The  alterations  which  thej 
fuffer  from  heat,  air,  and  faline  fubftances,  are  always 
owing  to  combination ;  not  one  of  thofe  alteratiooi 
can  with  any  reafon  be  compared  to  an  analyfis,  as  we 
are  about  to  (how  by  a  particular  account  of  the  phs- 
nomena  which  they  exhibit  on  fuch  occafions. 

Ugbt  appears  to  alter  the  colour  and  luftre  of  fome 
metalUc  fubftances.  Some  metals,  when  inciofed  is 
tranfparent  vefTels,  are  fullied,  and  acquire  gradually  a 
new  colour,  which  deprives  them  of  their  brilliancy. 
This  kind  of  aheration  has  not  been  obferved. 

Heat  cfieAs  fome  changes  on  the  aggregation  of  me- 
taU,  with  various  degrees  of  quicknefs  and  facility* 
All  metallic  fubftances  are  liable  to  melt  on  being 
heated  in  clofe  veffels  j  fome  of  them  long  before  be- 
coming 
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coming  redJiot,  others  at  the  very  infUnt  when  they  . 
become  red,  and  others  not  till  a  conliderable  time  af- 
ter. There  are  as  n^idny  different  degrees  of  the  fufibi- 
lity  of  metals  as  ther^  are  different  kinds  of  metals.  If 
left  to  cool  after  melting,  they  affume  a  cryftalline 
form.  If  urged  with  a  violent  fire,  they  boil  like  fluids, 
and  are  reduced  to  vapour.  Mercury  has  long  been 
known  to  pofiefs  thefe  properties.  Goldfmiths  often 
fee  gold  and  filver  boil  when  in  fufion.  M.  Buffon  ob- 
ferved,  that  when  filver  places  were  e:(pofed  to  the  fo- 
cus of  a  large  concave  mirror,  a  white  fmoke  arofe  from 
the  furface  of  the  plates.  Meffrs  Macquer  and  Lavoi- 
fier  having  cupelled  filver  in  the  focus  of  Tfchtrnhau- 
fen's  lens,  faw  the  metal  exhale  in  fmoke :  a  plate  of 
gold  expofed  to  that  fmoke  was  completely  filvered  0- 
ver.  Gold  expofed  to  the  fame  focus  likewife  exha- 
led a  fnxoke  which  gilded  filver.  The  cbimnies  of 
goldfmiths  and  affayers  are  filled  with  gpld  and  filver 
in  fmoke.  Copper,  tin,  lead,  zinc,  antimony,  bif- 
muth,  and  arfenic,  may  be  volatilized  with  great 
eafe. 

The  furfaces  of  all  melted  metals  are  convex ;  and 
when  they  are  in  very  fmall  maffes,  they  compofe  per- 
fed  fpheres.  This  effeft  is  owing  to  the  affinity  of  ag- 
gregation, which  caufes  the  particles  of  metals  mutually 
to  attrad  each  other,  and  to  the  weaknefs  of  their 
tendency  to  combine  with  the  body  on  which  they  are 
placed.  This  is  a  general  property  of  fluids,  and  may 
be  obferved  of  oil  in  refpe£t  to  water,  and  of  water  in 
refpefl  to  fat  bodies. 

When  metals  are  expo£ed  in  the  air  to  the  adion  of 
fire,  they  fuffer  confiderable  alterations  \  fome  fooner, 

fome 
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fome  later.  Thofe  which  fuffer  no  fenfible  alteration 
on  fuch  occaiions  are  called  perfeSl  metals  :  thofe  again 
which  are  entirely  deprived  of  their  metallic  properties 
by  this  procefs  are  called  imperfed  metals.  This  alte- 
ration of  metallic  matters  which  we  call  oxidation^  is  a 
real  combuftion.  Like  the  combuftion  of  all  other  com- 
bufllble  fubflances,  it  cannot  be  effeded  without  the 
help  of  air.  And  when  it  has  taken  place  for  fome  time 
in  a  certain  quantity  of  air,  it  cannot  be  continued,  at 
leaft  without  a  fupply  of  frefli  air.  The  air  in  which 
metals  are  burnt  becomes  mephitic.  The  combuftion 
of  metallic  fubftances  is  attended  with  a  flame  more  or 
lefs  lively.  Zinc,  arfenic,  iron,  gold,  and  filver,  dif. 
play  a  diflinfb  flame  ;  fuch  likewife  is  that  of  lead,  tin, 
and  antimony,  when  they  are  expofed  to  an  intenfe 
heat.  The  longer  metals  are  expofed  to  the  a£kion  of 
fire  in  contad  with  air,  the  more  entirely  are  they  di- 
vefted  of  their  metallic  properties.  Some  of  them  feem 
to  acquire  the  charaAeriftics  of  earthy  matters  ;  and  in 
this  ftate  they  are  called  metallic  earths  or  calces.  But 
the  name  of  metallic  oxides  is  raore  expreflive  of  their 
real  nature }  for  it  is  fully  demonftrated,  that  thefe  burnt 
metals  are  not  earths,  as  they  were  a  few  years  ago  belie- 
ved  to  be,  but  combinations  of  the  metals  with  oxigenc. 
Metallic  oxides  have  no  longer  the  brilliancy  and  fiifi- 
bility  of  the  original  metals ;  nor  have  they  any  longer 
an  affinity  even  with  the  metals  to  which  they  owe 
their  formation.  If  urged  with  fire,  they  are  volatili- 
zed, or  melt  into  glafs.  This  glafs  is  the  more  tranfpa- 
rent  and  infufible,  in  proportion  as*  the  metals  hare 
been  more  completely  oxidated  ;  that  is,  in  proportion 
as  they  contain  a  greater  quantity  of  oxigene.     Metal- 
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lie  oxides  combine  with  faline  and  earthy  matters.  Se- 
veral of  them  poflefs  the  charaderiflics  of  faline  fub- 
ftances.  When  arfenic  is  highly  oxidated,  it  becomes  a 
peculiar  acid  ;  the  properties  of  which  have  been  exa- 
mined by  Scheele  and  Bergman.  Rouelle  informs  us, 
that  the  oxide  of  antimony  difTolves  in  water  like  ar- 
fenic. 

Some  metallic  oxides  are  reduced  to  metals  when 
expofed  to  the  a&ion  of  fire,  and  give  out,  as  they  are 
reduced,  an  aeriform  fluid,  which  is  very  pure  vital  air. 
We  are  indebted  to  M.  Bayen  for  the  firft  certain  in- 
formation which  we  obtained  on  this  head.  He  ob- 
ferv'ed,  that  when  oxide  of  mercury  was  heated  in 
clofe  veflels,  it  gave  out  a  good  deal  of  air,  and  was 
then  reduced  to  the  ftate  of  running  mercury. 

Dr  Prieftley,  on  examining  this  air,  found  it  to  be 
much  purer  than  atmofpheric  air }  and  at  the  period  of 
this  difcovery  we  may  date  the  rife  of  that  accurate  know- 
ledge which  we  at  prefent  poflefs  of  the  laws  of  the  calci- 
nation of  metals.  Let  us  take  a  fhort  review  of  the  phe- 
nomena which  attend  this  operation.  A  metal  cannot 
be  calcined^  unlefs  it  be  in  contad  with  air.  The  great- 
er the  quantity  of  the  air  brought  into  contact  with  the 
metal,  the  more  completely  is  the  metal  calcined.  A 
given  quantity  of  air  cannot  ferve  to  calcine  any  more 
than  a  given  quantity  of  metal;  as  M.  Lavoiiier  has  inge- 
niouily  fliown  by  calcining  lead  by  means  of  a  refleding 
mirror  in  a  bell-glafs  containing  a  known  portion  of  air. 
When  a  metal  is  calcined^  it  abforbs  a  part  of  the  fur- 
rounding  air ;  for  the  mercury  over  which  it  is  caU 
cined  rifes  in  the  vefTel  in  proportion  as  the  calcina-- 
tion  proceeds.     It  is  to  this  abforption  of  oxigene  that 

metallic 
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metallic  calces  owe  the  increafe  of  weight  which  they 
gain  by  calcination  ;  for  when  it  is  extrafled  from  the 
oxide  of  mercury,  that  oxide  returns  to  the  ftatc  of  a 
metal,  and  fufFers  a  lofs  of  weight  precifely  equal  to  the 
weight  of  the  vital  air  obtained  from  it  by  diftiliatioi], 
Thefe  phenomena  (how  evidently  that  calcination  is  no- 
thing but  the  combination  of  the  metal  with  the  bafe 
of  pure  air,  or  the  oxigene  contained  in  the  atmofphere. 
This  combination  is  often  cffefted  merely  by  the  coo- 
taft  of  air  and  water  in  metals  liable  to  ruflf.  The 
reafon  why  heat  is  neceffary  to  the  oxidation  of  mod 
metals  is,  becaufe  by  diminiihing  the  aggregative  force 
by  which  the  integrant  parts  of  thofe  bodies  adhere  to- 
gether,  it  increafes  in  the  fame  proportion  their  force 
of  affinity  or  combination;  and  thus  promotes  the  com- 
bination of  the  oxigene  with  the  metal.  Iti  this  ope- 
ration, therefore,  as  in  moft  folutions,  heat  is  no  more 
than  an  auxiliary.  The  air  which  has  been  once  em- 
ployed in  the  oxidation  of  a  metal,  can  no  longer  con- 
tribute to  maintain  combuftion  ;  becaufe  it  is  deprirei 
of  its  vital  air,  the  principle  which  rendered  it  (ervice- 
able  tocombuftion  and  refpiration.  The  greater  the 
proportion  of  vital  air  contained  in  the  atmolpheric 
fluid,  fo  much  the  fooner  will  it  reduce  a  given  quan- 
tity of  metal  to  an  oxide.  I  have  often  obferved,  that 
by  immeriing  melted  lead,  bifmuth,  &c.  in  a  vefTel  fill- 
ed with  vital  air,  a  much  greater  quantity  of  metallic 
oxide  may  be  obtained  in  a  given  time  than  if  the  me- 
tals were  expofed  for  the  fatne  fpace  to  the  adion  of 
atmofpheric  air.  All  of  thefe  fafts,  and  a  great  many 
more,  which  will  be  found  under  the  hiftory  of  the 
different  metals  when  we  come  to  treat  of  them  iepi- 

lately, 
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rately,  concur  to  prove  that  a  metallic  oxide  is  nothing 
but  a  chemical  combination  of  a  metal  with  the  oxi- 
gcne  of  the  atmofphere  ;  that  calcination  is  merely  the 
ad  by  which  this  combination  takes  place ;  and  that  as 
vital  air  is  fixed  on  the  occafion,  what  remains  of  at- 
mofpheric  air  after  it  has  contributed  to  the  calcinatioa 
of  a  metal  is  nothing  but  gas  azote. 

The  reduftion  of  metallic  oxides  by  the  ufe  of  com- 
budible  matters,  farther  illuftrates  and  confirms  this 
theory.  To  reduce  a  metallic  oxide  to  a  metal,  it  is 
often  found  neceffary  to  heat  it  in  a  clofe  veffel  with 
fome  combuftible*  matter,  fuch  as  fats,  oils,  charcoal, 
&c.  On  all  fuch  occafions  the  metallic  oxide  is  de- 
compofed,  and  lofes  the  oxig^ne  to  which  it  owed  its 
chara£ber  as  fuch.  In  order  to  underdand  whut  paiTes 
on  this  occafion,  we  mufl  reflet,  c  •  That  metals  are 
not  the  mod  combudibie  bodies  in  nature  ;  or,  what 
is  the  fame  thing,  that  metals  have  not  the  greated  pof- 
fible  affinity  with  oxigene.  2.  That  anima!  or  vege- 
table combuflible  matters  Have  a  ftronger  affinity  with 
oxigene  than  metallic  fubftances  have.  3.  That,  of 
:onfequence,  when  a  metallic  oxide  is  reduced  with 
he  help  of  charcoal,  the  charcoal  having  a  greater  af- 
inity  with  oxigene,  or  being  more  combuftible  than 
he  metal,  robs  the  oxide  of  the  principle  to  which  it 
^wes  its  chara£ter,  and  caufes  it  to  pafs  into  the  (late 
»f  a  metal.  And  operations  of  this  kind  fucceed  belt 
n  clofe  Teflels ;  becaufe  when  the  combuftible  matter  is 
:ot  brought  into  contad  with  air,  it  cannot  burn  without 
bforbing  the  oxigene  of  the  oxide.  For  this  rcaion  the 
ure  carbonaceous  matter  which  combines  with  the  oxi- 
gene 
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gene  of  the  metallic  fubftance,  is  changed  into  carix)* 
nic  acid  during  the  redudion  of  the  metal. 
•  Having  given  the  hiftory  of  the  calcination  of  me- 
tals according  to  the  modern  theory,  we  cannot  avoid 
taking  fome  notice  of  Stahl's  doftrine  on  this  head, 
which  was  almoft  univerfally  received  among  chemiils 
till  the  period  of  the  late  difcoveries  concerning  air  and 
combuftion.  Stahl  confidered  metallic  fubftances  a$ 
compounds  of  peculiar  earths  with  phIogifton«  Calcim' 
tion  was,  in  hit  opinion,  merely  the  difengagement  of 
the  phlogijlon  ;  and  he  thought  that  the  reduQion  of 
metals  reftored  to  them  the  principle  which  they  bad 
loft  by  calcination^  This  theory  is  diredly  contrary 
to  the  modern  theory :  it  reprefents  metals  as  com- 
pound fubftances  ;  whereas  the  doflrine  at  prefent  r^ 
ceived  confiders  them  as  Ample  bodies.  According  to 
Stahl,  they  lofe,  when  calcined^  one  of  their  compo- 
nent principles :  but  the  fads  on  which  the  modern 
theory  is  founded,  prove  that  they  enter,  on  that  occa- 
fion,  iflto  a  new  combination.  Laftly,  That  great  n\a& 
imagined,  that  metallic  oxides  regained  by  redudioD 
the  phlogi/lon  of  which  the  metals  had  been  deprived  by 
the  aQion  of  fire  :  but  the  moderns  have  ftiown  reduc- 
tion to  be  merely  the  feparation  of  the  oxigene  which 
entered  into  combination  with  them  when  they  were 
calcined* 

After  this  flight  comparifon  of  the  two  theories,  Irt 
us  attempt  to  fhow  which  of  them  is  /upported  by  the 
greateft  number  of  fads.  Stahl,  while  he  was  To  eager 
to  demonftrate  the  exiftence  of  phlogi/lon  in  metals 
feems  to  have  overlooked  the  influence  of  air  on  tbctr 
calcination.    Beccher^  Rey,  Boyle,  and  feveral  pther 
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chemifts,  had,  however,  fufpefked,  before  his  time, 
that  this  element  was  the  principal  agent  on  the  occa- 
fion.  And  however  fatisfaftory  the  theory  of  Stahl 
may  have  feemed  till  the  sra  of  the  new  difcoveries 
concerning  air,  yet  it  muft  always  have  appeared  in- 
confillent  with  thofe  fads,  which  prove  that  air  afts, 
and  is  a  neceflary  agent  in  the  calcination  of  metah.  It  is 
impoffible  to  conceive  how  any  body  can  acquire  addi- 
tional weight,  in  confequence  of  lofmg  one  of  its  Con- 
(tituent  principles  ;  and  as  gravity  is  one  of  the  eflen- 
tial  properties  of  all  bodies,  the  ingenious  explanation 
of  this  phaenomenon  which  M.  dc  Morveau  has  given 
in  his  Differtation  on  Phlogi/lon^  cannot  be  conlidered 
as  fully  fatisfadory  ;  efpecially  iince  it  has  been  difco- 
vered  that  there  is  a  portion  of  air  in  metallic  oxides* 
From  thefe  fafts,  therefore,  it  appears  that  the  pneu- 
matic theory  has  by  much  the  advantage  over  Stahl's. 
Macquer,  with  a  judicious  difcretion  which  we  cannot 
fufficiently  praife,  attempted  to  reconcile  the  modern 
difcoveries  with  the  doftrine  of  phlogijlon.  According 
to  that  celebrated  chemift,  metals  never  lofe  their  phlo-' 
gifton  or  fufFer  calcination^  but  when  the  pure  air  of 
the  atmofphere  is  precipitated,  and  combined  with 
their  fubftance ;  the  light  which  they  contain  is  then 
difengaged :  and  when  they  are  reduced,  light,  with 
the  help  of  *heat,  expels .  the  pure  air  which  had 
entered  into  combination  with  them,  and  affumes  its 
place.  So  that  light  and  pure  air  may  be  confider- 
ed  as  mutually  precipitating  one  another.  But  as 
light,  and  that  principle  to  which  Stahl  gave  the  name 
of  pblogijlon^  have  not  yet  been  fhown  to  be  the  fame, 
and  as  the  exiftence  of  light  as  a  principle  in  combufti- 
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ble  bodies  is  equally  uncertain,  Macquer's  opinion  can 

be  viewed  in  no  other  light  but  as  an  hypothefis,  which 
may  be  entirely  overlooked,  but  cannot  be  admiued  as 
well  founded. 

It  is  therefore  at  prefent  an  inconleftible  faft,  that 
metallic  oxides  are  compounds  of  the  metals  with  oxi- 
gene :  it  is  much  to  be  wifhed  that  we  knew  the  va- 
rious clcftive  attractions  fubfifting  between  that  prin- 
ciple and  the  difiFerent  metallic  fubftances*  M.  Lavoi- 
fier  has  already  turned  his  attention  to  this  important 
obje£l  of  cheaiical  rcfcarch  :  but  his  experiments  are 
not  yet  fjuiciently  numerous,  nor  their  refults  fa£- 
ciently  accurate,  to  eauble  us  to  enter  here  into  mmutv 
particulars  on  this  head. 

M  tallic  fubUwinces  are  altered  by  air  ;  their  furfaccs 
lofe  thJr  luflre,  and  are  fometimes  covered  over  with 
ruR.  ChciiiKtsconfider  ruft  as  a  metallic  oxide*  We 
will,  c»iicii€r  than  once,  have  occafion  to  review  this 
fubjtd,  and  to  fliow,  that  water  in  vapour  oxidates  a 
nu'nDwT  ni  metallic  fubfiances,  and  that  the  carboni: 
acid  of  the  atiiiofphere  combines  with  them  after  their 
c.:.^'ia;;:;von. 

Witcr  JifTolves  certain  metals  ;  on  others  it  has  n> 
powtr  of  uclion  :  wl.en  in  vapour  it  contributes  highlf 
to  ti*J  formr»i;o;i  of  ru!t  on  thofe  metals  which  are  ft- 
fcco.iblj  of  it.  Wc  know,  from  M.  Lavoifier*s  hu 
uircovciies,  that  it  ads  with  great  energy  in  c- 
ftclinj;  the  o:vidation  of  the  mod  combuftible  int- 
tali;,  fuch  as  zinc  and  iron  ;  and  that  it  is  deccu:- 
pi 5 led  on  fuch  occafions  into  oxigenc,  which  combines 
V*  lih  thcfe  metals  ;  and  into  hydrogene,  which  is  c:.- 
cnv;:'gcd  in  union  with  a  large  proportion  of  ex.- 
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ric ;  and  of  confequence  in  the  form  of  a  very  light 
gas. 

Earthy  matters  appear  to  have  no  power  of  adion  on 
metallic  fubftaiices  ;  but  they  may  be  combined  with 
jnetallic  oxides  by  fuiion. 

We  are  entirely  ignorant  of  the  manner  in  which  the 
fali no- terrene  matters  aft  on  the  fabftances  which  we 
are  now  examinnig. 

The  alkalis  diifolve  fome  metals  y  they  aft,  however, 
but  weakly  on  moft  of  them.  Water  or  air  ap- 
pear to  contribute  greatly  to  the  oxidation  of  thofe 
metals  which  are  liable  to  fuch  a  change  by  the  aftion 
of  alkalis. 

The  acids  produce  a  much  greater  alteration  on  me- 
tallic fubftances,  diflblving  them  with  more  or  lefs  dif- 
ficulty.    The  fulphuric  acid  then  produces  either  hy- 
drogenous or  fulphureous  gas,  according  as  it  is  diluted 
in  water  or  concentrated.     In  the  firft  inflance,  the  wa- 
ter IS   decompofed,   and  gives  out  hydrogenous  gas, 
while  it  comn^unicates  its  oxigene  to  the  metals  :  in 
the  fecond,  the  acid  itfelf  is  decompofed  ;   and  while 
part  of  its  oxigene  combines  with  the  metallic  fubftan- 
ces,   the  reft  remaining  in  union  with  the  original  pro- 
portion of  fulphur,  conftitutes  by  this  means  fulphu- 
reous acid  gas.     When  the  fulphuric  acid  is  in  either 
of  thefe  inftanccs  faturatcd  with  a  metallic  oxide,  it 
forms  what  was  formerly  known  by  the  name  of  vi- 
ir'rJ  ;    which  when  in  cryftals  is  to  be  confidered  as  a 
coinpounj  of  four  bodies,  nauuiy,  metal,  oxigene,  ful- 
phuric acid  and  water.     Thefe  metallic  fulphates  are 
fubjefl  to  many  varieties  in  their  colour,  tendency  to 
cryftallization,  foluuility  in  water,  fufceptibility  of  de- 
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compofition  by  heat,  by  vital  air, — the  oxigenous  part 
of  which  they  abforb,  by  the  alkalis  which  feparate  the 
metallic  oxides^  &c. 

The  nitric  acid  appears  to  a£t  more  quickly  on  me- 
tals than  the  fulphuric  acid  ;  but  it  generally  adheres 
to  them  with  much  lefs  force.  While  it  a£ls  on  thefe 
fubftances,  a  coniiderable  quantity  of  nitrous  gas  is  dif- 
engaged  ;  the  metal  is  njpre  or  lefs  oxidated ;  and  is  ei- 
ther precipitated,  or  remains  in  union  with  the  acid. 
Stahl  afcribed  this  effeft  to  the  difengagement  of  the 
phlogiflon  of  metals.  Modern  chemifts  now  think  that 
it  is  owing  to  the  decompofition  of  the  nitric  acid,  and 
the  feparation  of  part  of  its  oxigene  from  the  azote,  its 
other  principle ;  for  we  have  elfewhere  fliown  thefe  two 
gafeous  bodies  to  be  the  component  principles  of  the  ni- 
tric acid.  Thefe  nitrates  are  more  or  lefs  liable  to  cryftal- 
lization,  and  decompofition  by  heat,  air,  or  water.  Al- 
kaline matters  feparate  the  metallic  oxides :  the  nitric, 
like  the  fulphuric  acid,  has  various  degrees  of  affinity 
with  the  different  metals.  M.  Prouft  has  difcovered  that 
a  number  of  metallic  fubflances  are  inflamed  when  they 
come  into  contad  with  this  acid. 

The  muriatic  acid  feldom  ads  with  much  energy  on 
metals.  The  water  which  is  in  union  with  it,  firfl  oxidates 
the  metals,  producing  by  this  means  hydrogenous  gas 
which  is  difengaged  from  folutions  effefted  by  this  acid. 
Thefe  folutions  effefted  by  the  muriatic  acid  arc  gene- 
rally more  permanent  than  either  of  the  two  lafl-men- 
tioned  acid  folutions  of  metals,  and  ufually  more  diffi- 
cult to  decompofe  by  heat.  Sometimes  they  afford 
cryftals,  but  feldom  without  confiderable  difficulty. 
The  muriatic  acid  has  a  greater  affinity  than  either  of 
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the  two  preceding  acids  with  moft  metallic  fubftances  ; 
which  enables  it  to  decompofe  both  fulphuric  and 
nitric  folutions  of  metals.  Metallic  muriates  are  often 
vobtile. 

The  oxigenated  muriatic  acid  oxidates  moft  metals 
with  a  good  deal  of  energy,  on  account  of  its  contain- 
ing an  excefs  of  oxigene,  and  that  not  very  clofe- 
ly  united  with  it.  It  diflblyes  them  in  the  fame 
way  in  which  water  diflblves  falts,  without  effer- 
vcfcence. 

The  carbonic  acid  ads  but  faintly  on  metals ;  yet 
Bergman  has  (hown  it  to  be  capable  of  combining  with 
moft  of  them.  In  nature  we  often  find  metals  in  com- 
bination with  this  acid ;  and  thefe  compounds  are 
fometimes  in  cryftals ;  they  are  known  by  the  name  of 
fparry  metalj  fuch  as  fparry  iron,  fparry  lead.  But  we 
rather  give  them  names  analagous  to  thofe  of  the  other 
falts  formed  by  this  acid,  calling  them  carbonate  of 
ireriy  carbonate  of  leady  fefr.  * 

The  fluoric  and  the  boracic  acids  have  an  equal 
tendency  to  combine  with  metallic  matters :  but  the 
compounds  which  they  then  form  are  but  little 
known. 

Some  among  the  combinations  of  metals  with  acids 
are  fufceptible  of  cryftallization;  others  cannot  be  made 
to  afliime  any  regular  form.  Fire  decompofes  fome  of 
them  ;  others  fuSer  no  alteration  from  that  agent. 
Moft  of  them  are  altered  by  air,  the  oxigenous  part  of 
which  they  abforb.  All  of  them  are  more  or  lefs  fo- 
lubXc  in  water,  and  liable  to  decompofition  by  that 
fluid,  when  a  great  quantity  of  it  is '  caufed  to  ad  on 
them,  as  has  been  obferved  by  Macquer.     All  of  them 
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are  precipitated  by  alumine,  barytes,  magnefia,  lime, 
and  the  alkalis ;  which  fubftances  have,  in  general,  a 
ftronger  affinity  than  metallic  oxides  with  the  acids. 

When  feveral  metals  are  etnployed  to  feparate  other 
metals  from  their  folutions,  the  metals  that  are  prcci- 
pitated  regain  their  metallic  form  and  luftre ;  becaufe 
the  oxigenc  which  was  united  with  them,  while  thty 
were  in  a  ftate  of  folution,  is  feparated  and  combined 
with  the  precipitant  metal,  which  is  in  its  turn  diffol- 
ved  in  the  acid.  M.  Lavoifier,  therefore,  with  gooJ 
reafon,  confiders  thefe  precipitatipns  of  metals  by  on: 
another,  as  owing  to  their  having  various  affinities  with 
the  oxigenous  principle. 

Neutral  folts  fuffer  but  little  alteration  from  metallic 
matters,  when  the  two  fubftances  are  brought  toge- 
ther  in  the  humid  way ;  but  when  a  mixture  of  a  fai: 
with  a  metal  is  heated,  feveral  of  the  falts  are  liable  X(i 
be  dtcompofed.  Several  fulphuric  falts  form  fulphui 
on  fuch  Jtn  occafion.  M.  Monnet  is  the  only  chemiit 
W'ho  has  obfervcd  antimony  to  be  capable  of  effeftiiv: 
the  decompofition  of  neutral  falts  in  this  way.  In  i 
feries  of  experiments  on  this  fubjeft,  I  have  found,  that 
feveral  other  metals,  fuch  as  iron,  zinc,  &c.  decompo.. 
fulphate  of  potafli,  &c. 

Nitre  detonizes  with  moft  metallic  fubftances,  arJ 
oxidates  them  with  more  or  lefs  energy.  The  cau'e  \ 
this  ph^enomenon  is,  that  oxigene  has  a  ftronger  a2- 
nity  with  moft  metallic  fubftances  than  it  has  with  azote. 
Metals  oxidated  by  this  fait  are  called  metallic  oxiJcs^i 
nitre.  The  alkaline  bafe  of  this  fait  often  difiblves  - 
part  of  the  oxides. 

Aramonisci 
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Ammoniacal  muriate  is  decompofed  by  feveral  me- 
tals, and  by  the  oxides  of  almofl:  all  metallic  fubftan- 
ces,  Bucquet,  who  made  a  fcries  of  experiments  on 
this  fubjed,  remarked,  that  all  metallic  f^bflances  ou 
which  the  muriatic  acid  is.  ca:)able  of  acting  without 
an  intermedium,  are  liable  to  be  entirely  decompofed  * 
by  ammoniacal  muriate  ;  that  hydrogenous  gas  is  dif- 
engaged  when  thefe  decompofitions  take  place;  and 
tha:  metals  which  do  not  admit  of  folution  by  the  com- 
mon muriatic  acid,  are  not  liable  to  this  decompofition. 
The  ammoniac  obtained  on  thefe  occafions  is  always 
very  pure  and  cauftic. 

Almoft  all  combuftible  mineral  matters  combine  rea- 
dily with  the  metals.  Hydrogenous  gas  colours  them, 
and  reduces  fome  of  their  oxides  ;  having,  as  Dr  Prieft- 
ley  has  proved  by  fome  very  ingenious  experiments,  a 
greater  affinity  with  oxigene  than  what  moft  metals 
have.  The  reduction  of  metallic  oxides  by  hydroge- 
nous gas  is  accompanied  with  the  produSicn  of  a  cer- 
tain quantity  of  water  from  the  combination  of  the  hy- 
drogene  with  the  oxigene  difcngaged  from  the  metals. 

Sulphur  combines  with  moft  of  the  metals ;  the  com- 
bination of  fulphur  with  a  metal  forms  an  artificial 
ore.  When  ores  of  this  kind  arcmoiilened,  or  expo- 
fed  to  humid  air,  they  are  vitriolized,  or  changed  gra- 
dually into  metallic  fulphates.  Alkaline  fulphure  dii- 
folves  any  metal.  Sulphurated  hydrogenous  gas  colours 
and  decompofes  metallic  oxides,  reducing  them  at  the 
fame  time  by  the  abforption  of  their  oxigene. 

Metals  combine  more  or  lefs  readily  with  one  ano- 
ther :   the  rcfults  are  mixtures ;  the  properties  of  which 
ender  them  very  ufeful  in  the  arts. 
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§  VI.  Methodical  Divifion  of  Metallic  Suhjlanui. 


AS  metallic  fubftances  are  pretty  numerous,  it  ap- 
pears neceflary  to  divide  them  into  certain  orders, 
and  to  diftinguifh  metals  poffefling  fimilar  properties 
from  thofe  of  which  the  properties  are  different.  We 
may  confider  duflility  as  the  firft  charadleriftic  of 
metals.  Such  metallic  fubftances  as  pofTefs  not  this  pro- 
perty, or  poffefs  it  but  in  a  very  inferior  degree,  have 
received  the  ,appellation  of  femi-metaU.  Thofe,  again, 
which  are  highly  duftile,  are  called  metals.  The  femi- 
metals  are  either  very  brittle  under  the  hammer,  or  in 
a  fmall  degree  malleable.  This  diflindion  occafions  a 
fubdivifion  of  thefe  fubftances.  Metals  may  be  alfo  fub- 
divided,  in  refpedl  of  the  manner  in  which  they  are  ai- 
fefted  by  fire.  Some  metals,  when  heated  in  the  air. 
are  eafily  oxidated^:  others  again  fuffer  no  alteration 
when  they  are  treated  in  the  fame  manner.  The  for- 
mer are  imperfeil  metals  ;  the  latter  perfe£l  mcialu 
That  we  may  not  multiply  thefe  divifions  as  we  pro- 
ceed in  our  hiflory  of  metallic  fubftances,  we  (hall  here 
give  a  table,  in  which  metals  are  clafled  according  to 
their  natures.  As  the  names,  however,  of  femi-mti 
and  impcrfeEl  metals y  eyidently  owe  their  origin  to  ih; 
follies  of  alchemy  ;  we  fliall  entirely  rejedk  them,  v.i 
adopt  new  divifions  founded  folely  on  the  varjing^/i/i?^ 
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lities  of  metals,  and  their  different  affinities  with  oxigene* 
We  divide  the  feventeen  metals  into  five  fedions,  with- 
out including  uranite  or  feveral  other  metallic  matters 
which  are  faid  to  have  been  lately  difcovered,  but  of 
which  the  exiftence  has  not  yet  been  fufficiently  afcer- 
tained. 
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Metallic  Subftances  are  cither 


SEqr.  I. 

Brittle  and  AcuBfiabU  Mdah, 

Arfcnic. 
Tung  ft  en. 
Molybdena. 

Sect.  II. 

Briifk  and  Non-AciSfiahle  Metai*. 

Cobalt. 

Bifmuth. 

Nickel. 

Manganefe. 

Antimony. 

Sect.  III. 

Seml'duBUe  and  Oxidable  M^tah, 

Zinc. 
Mercury. 


Sect.  IV. 

Du^andeafiiy  OmdabU  Metalt;  sr 

Tin. 
Lead. 

Iron. 
Copper. 


Sect.  V. 

Mftals  exceedingly  Duff  He,  and  n't 
Oxidable^  without  extreme  'Sf- 
cidty. 

Silver. 

Gold. 

Platina. 
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Of  Arfenic  and  its  Acid^. 

ARSENIC  is  placed  at  the  head  of  the  brittle  and 
acidifiable  metals,  becaufe  it  bears  a  confidt^rable 
relation  to  falts.  Kunckel  thought  it  to  be  a  coagulated 
aquafortis*  Beccher  and  Stahl  confidered  it  as  a  faline 
matter.  Scheele  has  proved  that  it  forms  a  peculiar 
acid  ;  and  Brandt  and  Macquer  have  fhown  it  to  be  a 
genuine  metal.  When  arfenic  poflefles  all  the  proper- 
tics  natural  to  it,  it  has  all  the  charafterillics  of  a  me- 
tallic matter.  It  is  then  perfedly  opaque,  and  has  the 
gravity  and  luftre  which  diftinguiih  metallic  fubftances. 

Native 

*  We  give  the  the  name  of  arfemc  to  the  femi-metallic  matter 
commonly  known  by  the  name  of  regulus  ofarfauc.  This  laft  de- 
nominsttion  is  improper  and  ought  to  be  laid  afide.  What  is  call- 
ed  mfbke  arfemc  is  the  oxide  of  this  metal.    F. 
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Native  arfenic  is  often  fouad  in  black  mafles,  almoil 
without  luftre,  and  very  heavy :   it  has  fometimes  the 
diftinguiihing  luftre  of  metals,  and  it  then  refleds  the 
colours  of  the  rainbow :   its  fraflure  is  ftiU  more  brilii- 
ant,  and  (hows  it  to  confift  of  a  great  number  of  fmall 
icales.    When  thefe  fcales  or  fhells  are  obfervable  on 
die  exterior  part  of  the  mafs,  it  is  then  called  tejlaccm 
atfenicj  or  improperly  iejiaceous  cobalt^  becaufe  formerly 
when  the  metallic  chara6ler  of  arfenic  was  unknown, 
and  its  oxide  was  obtained  in  a  large  proportion  from 
cobalt  ore,  teftaceous  arfenic  was  thought  to  be  cobalt 
ore.    Virgin  arfenic  is  very  eafily  known  when  it  has 
tbe  metallic  luftre,  and  is  in  fmall  fcales  ;  but  when  it 
is  black,  and  its  texture  clofe  grained,  the  only  way  of 
diftinguifhing  it  is  by  its  gravity,  which  is  very  conii- 
derable,  and  by  obferving  whether  or  not  it  is  difperfed 
in  white  fmoke,  having  a  flrong  fmell  of  garlic  when 
laid  on  burning  coals.     Great  plenty  of  this  lafl  kind 
is  found  at  St  Marie  aux  Mines.     It  is  mixed  wi^h  grey 
filver  ore.     It  is  likewife  found  in  the  cobalt  mines  of 
Saxony,  and  at  Andrarum  in  the  province  of  Scbonem 
in  Sweden. 

Arfenic  is  fometimes  found  in  nature  in  a  white 
oxide,  which  is  alfo  of  a  vitreous  appearance,  but 
ofiener  in  the  form  of  a  light  dufl,  or  mixed  with  fome 
particular  earths.  This  oxide  is  likewife  found  at  Si 
Marie  auK  Mines.  It  is  known  by  its  white  fmokc, 
and  by  the  garlic  fmell  which  it  diffufes  when  thrown 
into  the  fire. 

Arfenic  is  often  combined  with  fulphur;  it  thenfonns 

orfiment  and  realgar ^  or  the  yellow  and  the  red  fulphfl- 

rated  oxides  of  arfenic.    Native  orpiment  appears  in  j«'" 
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iow,  brilliant,  and  feemingly  talcky  mafles,  of  various 
fizes  and  various  degrees  of  brilliancy :  it  is  often  mix- 
ed with  realgar^  and  it  fometimes  approaches  to  greea. 
Realgar  is  of  a  red  colour,  more  or  lefs  lively  and  tranC* 
parent,  and  often  cryftallized  in  bright  needles.  A 
good  deal  of  it  is  found  at  Quito  and  on  Mount  Ve-> 
fuvius.  The  only  difference  between  thefe  two  fob- 
dances  feems  to  be,  that  the  one  has  been  formed  by  a 
more  intenfe  heat  than  the  other. 

Mifpikely  or  arfenical  pyrites,  is  the  laft  ore  of  arfe* 
nic.  It  contains  this  metal  in  combination  with 
iron.  Mifpikel  is  fometimes  found  in  cubic  cryfbJs, 
but  oftener  without  any  regular  form.  This  ore  is 
of  a  white,  chatoyant  colour.  Wallerius  calls  it  white 
cubic  arfenic. 

Arfenic  is  alfo  found  among  cobalt,  antimony,  da, 
iron,  copper,  and  filver  ores. 

Pure  arfenic,  called  alfo  regulus  of  arfenic^  is  of  a 
blackilh  grey  cofour,  and  refleds  the  colours  of  the 
rainbow.     If  is  very  ponderous,  and  very  friable. 

When  arfenic  is  expofed  to  fire  in  clofe  veiTels,  it  is 
fublimed,  but  not  decompofed :  It  is  even  one  of  the 
moft  volatile  metallic  matters.  When  flowly  fublimat* 
ed,  it  cryflallizes  in  regular  tetraha^dral  figures.  When 
arfenic  is  heated  in  the  air,  it  is  very  foon  converted  in« 
to  an  oxide,  and  diflipated  in  the  form  of  a  white  fmoke, 
which  exhales  a  (trong  fmcll  of  garlic.  Red  arfenic  burns 
with  a  bluilh  flame.  On  this  occafion,  it  combines 
with  the  oxigene  of  vital  air,  and  forms  a  compound 
known  by  the  name  of  white  arfenic  or  ccdx  of  arfenic^ 
and  which  we  call  oxide  of  arfenic.  This  is  the  rea- 
fon  why  arfenical  ores  of  cobalt  give  out  in  the  furnace 
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a  great  deal  of  white  fmoke,  which  is  condenfed  ia  ibe 
chimney,  into  a  white,  ponderous,  vitrified  matter,  that 
is  depofited  in  layers,  and  is  Ibid  very  improperly  un- 
der the  name  of  arfenic.  It  is  properly  a  vitreous 
oxide  of  arfenic. 

The  oxide  of  arfenic  is  eflentially  different  from  tLe 
oxides  of  all  other  metallic  fubftances  ;  it  has  a  very 
ftrong,  and  even  a  cauftic  tafle  ;  it  is  a  flrong  poifon. 
When  expofed  to  fire  in  clofe  veffels,  it  is  volatilized 
by  a  moderate  heat  into  a  white  cryftalline  powder, 
known  by  the  name  of  fiowers  of  arfenic.  When  the 
heat  is  a  little  ftronger,  it  is  vitrified  as  the  fublimation 
takes  place.  The  glafs  produced  is  very  tranfparent, 
and  cryftallizes  into  flat  triangular  folid  figures,  with 
truncated  angles.  It  very  foon  lofes  its  tranfpareno' 
in  the  air.  No  metallic  oxide  is  really  volatile  of  it- 
felf ;  that  of  arfenic  is  the  only  one  which  exhibirs 
fuch  a  property ;  it  is  at  the  fame  time  very  fsifible 
and  very  vitrifiable.  Beccher  attributed  the  graviiv 
and  volatility  of  arfenic  to  a  peculiar  principle,  which 
he  called  mercurial  or  arfenical  earthy  and  of  which 
Stahl  has  not  been  able  to  demonftrate  the  exiftence. 

Arfenic  in  the  ftate  of  regulus  does  not  adl  in  a  fen- 
fible  manner  on  combuftible  bodies  ;  but  the  oxide  of 
arfenic  produces  a  fenfible  alteraticm  upon  them,  ard 
at  the  fame  time  refumes  its  metallic  luftre.  StiLU 
thought,  that,  on  this  occafion,  the  combuftible  bed.* 
reftored  to  the  arfenic  the  phlogifton  which  it  had  lo! 
by  caFcination  :  But  the  moderns  have  proved,  that  t^^ 
oxide  of  arfenic  is  a  compound  of  arfenic  and  oxigcD^ 
and  that  the  combuftible  body,  having  a  greater  aS- 
nity  with  oxigene  than  arfenic  has,  in  confequence  c: 
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its  poiTeffing  that  property,  caufes  the  oxide  of  arfenic 
to  return  to  the  metallic,  (late.  To  fucceed  in  reducii^ 
oxide  of  arfenic,  it  mud  be  made  into  a  powder,  and 
baked  into  a  pafte  with  black  foap  ;  this  paite  is  to  be 
put  into  a  matrafs,  and  placed  on  a  fand  bath  ;  a  mo- 
derate heat  mud  at  firft  be  applied,  in  order  to  dry  up 
the  oil :  when  humid  vapours  ceafe  to  exhale,  the  fire 
mud  be  increafed  in  order  to  fublime  the. arfenic ;  the 
matrafs  is  then  to  be  broken,  and  the  upper  part  of  it 
is  found  to  contain  a  cake,  having  the  appearance  and 
metallic  ludre  of  arfenic :  mod  of  the  carbonaceous 
matter  of  the  oil  remains  at  the  bottom  of  the  matrals. 

Arfenic,  when  expofed  to  the  air,  becomes  fenfibly 
black.  Vitrified  oxide  of  arfenic,  on  fuch  an  occalion, 
lofes  its  tranfparency,  and  acquires  a  lafleous  appear- 
ance, fuffering  at  the  fame  time  a  fort  of  efflorefcence. 

Arfenic  does  not  appear  to  be  liable  to  fuffer  from 
the  attacks  of  water,  but  its  oxide  is  readily  diifolved 
in  this  mendruum:  Warm  water  diffolvcs  rather  lefs  of 
it  than  cold :  The  folubility  of  this  fubdance  varies  alfo 
according  as  it  has  been  more  or  lefs  perfedly  oxidated. 
W^hen  a  folution  of  oxide  of  arfenic  is  flowly  evapora- 
ted, it  gives  yellowifli  crydals  in  tetrahxdral  figures, 
more  or  lefs  regular  :  no  other  metallic  oxide  is  known 
to  diffolvc  fo  readily  in  water.  This  property  of  oxide 
of  arfenic,  together  with  its  fapidity,  renders  it  not 
very  different  in  nature  from  faline  matters. 

Oxide  of  arfenic  unites  readily  enough  with  earths 
by  fufion;  it  becomes  fixed  with  them,  and  accele- 
rates their  vitrification ;  but  all  glaffes  into  the  com- 
pofition  of  which  it  enters  are  liable  to  be  very  foon 
fullied  in  the  air.     It  is  not  known  in  what  manner 

the 


njz  Of  Arfenic  and  its  Atids* 

the  fallno- terrene  fubftances  ad  on  arfenic  and  on  lu 
oxide.  The  cauftic  fixed  alkalis,  though  they  do  not  ad 
in  any  fenfible  manner  on  arfenic,  diflblve  its  oxide 
very  readily.  Macquer,  in  his  ingenious  experiments 
on  this  matter  (Academ.  Mem.  1646,^  has  obfenred, 
that  when  powdered  oxide  of  arfenic  is  boiled  in  li- 
quor of  fixed  nitre,  or  a  fokition  of  cauftic  potafii,  it 
is  completelyAdiifolved,  and  forms  a  brown  gelatinous 
fluid,  the  confiftency  of  which  gradually  thickens. 
This  compound,  to  which  he  gives  the  name  of  liver  af 
arfenicy  is  not  fufceptible  of  cryftallization  ;  it  becomes 
hard  and  brittle  :  it  is  liable  to  deliquiate,  and  foluble 
in  water  :  fome  brown  flakes  are  precipitated  vrhen  it 
is  diflblved  :  When  urged  by  a  ftrong  fire,  liver  of  ar- 
fenic lofes  the  arfenic  which  it  contains.  Acids  decom- 
pofe  it :  Soda  mixed  in  the  fame  manner  with  arfenic, 
exhibits  the  fame  efieds ;  but  its  folution  afforded 
Macquer  irregular  cryftals,  the  form  of  which  he  found 
it  impoffible  to  determine. 

The  fulphuric  acid  cold,  even  though  it  be  concen* 
trated,  produces  no  effe£ts  on  arfenic  ;  but  when  boil- 
ed  with  this  femi-metal  in  a  retort,  the  acid  gives  out 
a  good  deal  of  fulphurecus  gas  ;  after  that,  a  little  ful- 
phur  is  fublimed,  and  the  arfenic  is  then  found  to  be 
reduced  to  an  oxide,  but  without  being  diflblved.  The 
fulphuric  acid  likewife  diflblves  oxide  of  arfenic  when 
it  is  concentrated  and  boiling  ;  but  when  the  folution 
cools,  the  oxide  is  totally  precipitated.  When  it  en« 
ters  into  this  combination,  it  becomes  fixed  in  a  verr 
confiderable  degree.  Bucquet  afierts,  that  when  it  is 
entirely  fr^ed  of  the  acid  by  lixiviation,  it  regains  all  it* 
original  properties. 

The 
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The  nitric  acid,  when  appUed  to  arfenic^  ads  vigo* 
roi^y  upon  it;,  and  ceduces  it  to  an  oxide.     When  af« 
Med  I^  a  moderate  heat,  the  lame  acid  likewife  dif- 
folves  oxide  of  arfenic  in  a  pretty  confiderable  propor- 
tion :  though  iaturated  with  either  of  thefe  fid)ilances, 
it  retains  its  natural  fmeU :  when  vjol^itly  evaporated, 
it  produces  a  fak  which,  according  to  3ucquet,  has  no 
regular  form,  but  is  laid  by  M.  Baume  to  be  partly 
cubic,  and  ps^rtly  cut  into  diamond  points.    Wallerius 
fays  it«  cry ftak  referable  thofe  of  nitrate  of  filver.    Ni- 
trate of  ar-fenic  powerfully  attracts  the  pioifture  of  the 
air  :  it  does  not  ^etonize  on  the  coals,  nor  is  it  liable 
to  decompofition  by  water  or  acids :  the  alkalis  do  not 
caufe  it  to  yield  a  precipitate  ;  yet,  according  to  Buo- 
quet,  they  decompofe  it ;  for  when  a  nitific  folution  of 
ar£enic,  mixed  with  an  alkaline  lixivium,  is  'Cyapora* 
ted^  common  nitrate  and  arfeniate  of  po^afh  is  obtained. 
We  Ihall  hereafter  fee,  dut  chemiils,  being  all  very 
much  perpleisied  with  the  Angular  nature  of  the  folu- 
tions  of  arfenic  and  oxide  of  arfenic  in  acids,  never  dif- 
covered  what  paffed  when  this  oxide  was  combined 
with  the  niiric  acid,  nor  once  fufpeded  the  produc- 
tion of  the  arfenic  acid.     Here  we  would  only  rem<^rk, 
that  the  oedde  of  arfenic  deprives  the  nitric  acid  of  a 
great  part  of  its  oxigene. 

The  muriatic  acid,  with  the  help  of  fire,  diflblves 
both  arfenic  and  its  oxide,  according  to  Bucquet. 
Either  fixed  or  volatile  alkali  is  capable  of  preciplta^ 
ting  this  combination.  M.  Baume  fays,  that  regulus 
of  arfenic  is  foluble  in  the  boiling  muriatic  acid,  and 
after-wrards  is  precipitated  in  a  yellow  powder,  refem* 
bling   fulphur.     Meif.  Bayen  and  Charlard,  in  their 
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experimenis  on  tin,  have  eftablifhed  it  as  a  fad,  that, 
when  cold,  ihe  muriatic  acid  is  entirely  iacapabie  of 
afting  on  arfenic.  Powdered  arfenic,  caft  upon  oxige. 
nated  muriatic  acid,  burns  With  a  white  flame. 

We  are  entirely  ignorant  how  the  other  acids  affeft 
arfenic  or  its  oxide.  A  mixture  of  arfenic  with  mtu, 
put  into  a  red  hot  crucible,  gives  a  fmart  detonation : 
the  nitric  acid  calcines  and  burns  the  femi-jnetal.  The 
fixed  alkali,  which  was  the  bafe  of  the  nitre,  and  the 
oxidated  arfenic,  combined  in  part  with  the  fixed  al- 
kali, are  found  in  the  crucible  after  the  operation. 

A  mixture  confifting  of  equal  parts  of  oxide  of  ai« 
fenic  and  nitre,  diflilled  in  a  glafs  retort,  gives  fpirit 
of  nitre  in  very  red  vapours.  The  acid  cannot  be 
condenfed  till  a  little  water  be  put  into  the  ball  of  the 
retort,  which  gives  it  a  blue  colour.  Beccher,  StahL 
and  Kunckel,  have  defcribed  this  operation.  Macqucr 
repeated  it  with  care  ;  and  on  examining  the  refidueci 
which  thofe  chemifts  had  made  no  mention,  found  it 
to  be  a  peculiar  neutral  fait,  and  has  given  it  the  tau 
of  arfenical  neutral  fait  /  it  fhould  be  called  arfemite 
of  potafh.  When  this  fait  is  diffolved  in  water,  ant 
the  folution  evaporated  in  the  air,  it  gives  very  regular 
cryftals  in  tetrahasdral  prifms,  terminating  in  pyramidi 
with  four  equal  faces.  The  form  of  the  cryftals  feme' 
times  varies. 

When  arfeniate  of  potafh  is  expofed  to  fire,  it  cafiij 
melts,  and  remains  in  a  flate  of  fufion  without  bdn^ 
alkalized,  and  without  lofing  any  part  of  its  arfcni: 
by  volatilization ;  from  air  it  fuffers  no  fenfible  alte- 
ration.    It  is  much  more  foluble  in  water  than  pin« 
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oxide  of  arfenlc  ;  and  more  of  it  dlflfolves  in  hot  than 
in  cold  water. 

None  of  the  acids  decompofe  it  pure ;  but  what 
they  cannot  eflfccl  pure,  they  perform  by  double  af- 
finity. If  a  fmall  portion  of  fulphate  of  iron  or  mar^ 
iial  vitriol  be  mixed  with  a  folution  of  this  fait,  a 
double  decompofition  and  a  double*  combination  fol- 
low. The  fulphuric  acid  forfakes  the  iron  in  order  to 
combine  with  the  potafh,  and  the  arfenic  acid  is  fepa- 
rated  from  the  alkali,  and  combines  with  the  iron  ox- 
ide. Combuftible  matters  decompofe  arfeniate  of  pot- 
afli  with  great  energy. 

The  oxide  of  arfenic  likewife  decompofes  nitrate  of 
foda  by  diftillation,  forming  with  its  bafe,  arfeniate  of  fo- 
da,  which,  according  to  M^cquer,  is  very  little  different 
from  arfeniate  of  potafli^  and  cryilailizes  precifely  in  the 
fame  manner*  This  oxide  a€t$  in  the  fame  way  on  am- 
moniacal  nitrate,  and  combines  with  its  b^e  to  confli- 
tute  ammoniacal  arfeniate.  It  was  thought  that  a  great 
many  precautions  were  neceffary  in  performing  this 
operation^  becaufe  in  clofe  vefTeis  ammoniacal  nitrate 
detonizes  by  itfelf :  but  M.  Pelletier  has  proved  that 
even  fcveral  pounds  of  it  may  be  made  together  with- 
out any  danger.  Macquer*s  difcovery  of  the  arfeniacal 
neutral  fait  led  the  way  ta  the  difcovery  of  the  arfenic 
acid  ;  for  that  illuftrious  chemift  obferved  and  afferted 
that  the  oxide  of  arfenic  acted  the  part  of  an  acid  in 
this  fait.  But  it  is  to  Scheele,  as  we  fhall  hereafter 
mention,  that  we  are  really  indebted  for  an  accurate 
knowledge  of  thefe  combinations. 

S  2  Oxide 
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Oxide  of  arfenic  does  not  decompc^e  alkaline  mu- 
riates. Like  arfenic  itfelf,  it  feparates  ammoniac  from 
ammoniacal  muriate,  but  not  without  great  difficulty. 

The  action  of  combuftible  mineral  matters  on  arfe- 
nic has  not  yet  been  examined.  It  appears  that  the 
oxide  of  this  metal  may  be  reduced  by  hydrogenous 
gas,  which  has  more  affinity  than  arfenic  with  oxigene, 
or  the  bafe  of  vital  air. 

Oxide  of  arfenic  combines  very  readily  with  (ul- 
phur.  When  thefe  two  fubftances  are  melted  together, 
ihey  form  a  yellow  or  red  volatile  body,  the  tafte  of 
which  is  rather  weaker  than  that  of  pure  oxide  of  arfe- 
nic, but  which  is  not  more  foluble  in  water  than  that 
fubftance.  This  yellow  fulphurated  oxide  of  arfe- 
nic has  been  called  factitious  orpin  or  orpimeni:  It 
cryflallizes  in  tetrahaedral  figures  like  vitreous  oxide 
of  arfenic.  When  red,  it  is  called  realgal^  real^ary 
faffitious  rizigal  or  red  arfenic.  The  name  which 
we  give  to  this  compound  is  red  fulphurated  ox- 
ide of  arfenic.  Some  chemifls  have  imagined  it  to 
differ  from  the  yellow  or  orpiment,  only  in  containing 
more  fulphur ;  but  Bucquet  has*  fhown,  that  the  com- 
pound of  fulphur  and  oxide  of  arfenic  becomes  xA 
after  being  melted  ;  for  to  expofe  orpiment  to  a  pretty 
ftrong  heat  is  all  that  is  neceffary  to  make  it  pafs  into 
the  ftate  of  realgar.  I  am  convinced  that  realgar  is 
far  from  being  fo  volatile  as  orpiment }  for  when  tWJ 
mijtture  of  oxid  of  arfenic  and  fulphur  is  fublimated 
in  a  matrafs,  red  inflated  laminae  are  found  at  the  bo:- 
tom,  which  appear  evidently  to  have  been  melted. 
There  is  no  difference  between  artificial  orpiment  and 
realgar,  and  the  fame  fubflances  natural.    They  are 
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liable,  to  be  decompofed  by  lime  and  the  alkalis,  which 
have  a  greater  affinity  with  fulphur  than  the  oxide  of 
arfenic  has  :  yet  this  oxide,  like  the  acids,  poffeffes  the 
property  of  decompofing  alkaline  fulphures. 

All  the  properties  of  the  oxide  of  arfenic  concur  to 
ihow,  that  when  this  metallic  combuftible  matter  id 
united  with  the  bafe  of  vital  air,  it  acquires  the  cha- 
rader  of  a  faline  fubftance  :  The  theory  which  we  laid 
down,  when  treating  of  falts  in  general,  is  therefore  con- 
firmed by  thefe  fafts.  Macquer,  in  his  valuable  difco-* 
veries  concerning  arfeniate  of  potafh,  obferved,  as  wa9 
before  mentioned,  that  oxide  of  arfenic  a£led  the  part 
of  an  acid  in  the  compofition  of  that  fait :  but  it  was 
hard  to  conceive,  how  that  oxide,  when  diflblved  in 
potaih  without  any  intermedium,  could  differ  fo  confi« 
derably  from  the  combination  of  the  fame  fubftancea 
produced  by  decompofing  nitre  with  oxide  of  arfenic. 

The  difcovery  of  the  oxigenated  muriatic  acid  fu^ 
gefted  to  Scheele,  that  fomething  analogous  might 
happen  when  nitre  was  diftilled  with  oxide  of  arfenic* 
The  nitric  acid,  he  imagined,  feized  what  frfilogiflori 
ftill  remained  in  the  oxide;  upon  which  the  oxide 
was  left  in  the  (late  of  the  peculiar  acid  which  we  call 
the  arfenic  acid.  He  prepared  this  acid  by  a  proceffs 
analogous  to  that  by  which  he  produced  the  oxigena* 
ted  muriatic  acid.  One  part  of  that  procefs  confided 
in  diftiliing  a  mixture  of  the  oxigenated  muriatic  aci4 
with  oxide  of  arfenic.  According  to  him,  the  muriai^ 
tic  acid  then  feizes  the  phlogifton  of  the  oxide,  leaving 
it  in  the  ftate  of  an  acid.  The  arfenic  acid  may 
be  alfo  prepared  by  diftiliing  fix  parts  of  nitric  acid 
upon  one  of  its  oxide.     The  acid  gives  out  a  good  deal 
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of  nitrous  gas ;  and  the  oxide  of  arfenic  affuraes  the  cha- 
rafter  of  an  acid.  It  muft  be  expofed  for  a  confiderabie 
time  t9  a  ftrong  heat,  in  order  that  the  fuperfluous  ni- 
trous gas  may  be  difengaged. 

What  happens  in  thefe  operations  is  confiderably  ia 
favour  of  the  modern  doftrine.  In  faft,  on  one  hand, 
one  can  fcarce  agree  with  Stahl  in  acknowledging  the 
cxiftence  of  phlogifton  in  oxide  of  arfenic  ;  and  again, 
nothing  can  be  more  natural  than  the  manner  in  which 
the  modern  doftrine  reprefents  this  oxide  as  paffing 
from  an  oxide  to  an  acid,'  by  the  influence  of  fpirii 
of  nitre,  or  the  oxigenated  muriatic  acid.  Oxide  of 
arfenic  appears  to  have  a  great  affinity  with  oxigene, 
when  it  is  not  already  faturated  with  it.  When  diftil- 
led  with  the  nitric,  or  the  oxigenated  muriatic  acid,  it 
deprives  either  of  thefe  acids  of  its  oxigene.  The 
jnore  oxigene  it  contains,  the  nearer  does  it  approach 
in  nature  to  faline  fubftances ;  and,  when  fully  fatura- 
ted, it  acquires  all  the  diftinguifliing  properties  of  acids; 
which,  as  we  have  fhown  above,,  are  nothing  but  com- 
buftible  matters  combined  with  oxigene,  which  com- 
municates to  them  their  faline  properties.  From  this 
theory  it  may  be  eafily  underftood  why  oxicfe  of  arfe- 
nic, when  not  faturated  with  oxigene,  but  fimply  oxi- 
dated by  fire,  does  not  form  arfeniate  of  potaffi ;  and 
why  it  never  compofes  that  fait  till  after  being  pre\i- 
oufly  treated  with  the  acids  which  it  decompofes,  bj 
depriving  them  of  their  oxigene  with  the  help  of  hear. 

The  arfenic  acid  is  very  different  from  commca 
oxide  of  arfenic.  Its  fapidity  is  ftronger.  Fire  ^ti 
it ;  and  this  procefs  is  employed  to  feparatc  it  tnurcly 
from  any  remainder  of  oxide  of  arfenic  which  it  nw} 
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ftill  retain.  It  is  doubtlefs  by  acquiring  the  properties 
of  an  acid  that  oxid  of  arfenic  becomes  of  a  fixed  na- 
ture when  combined  with  the  fulphuric  acid.  The 
arfenic  acid  melts  into  a  tranfparent  glafs  :  it  com* 
municates  its  fufibility  to  earthy  matters ;  and  it  even 
appears  capable  of  corroding  glafs.  It  communicates 
a  faint  red  tinge  to  blue  vegetable  colours.  I  have 
obferved,  that^  when  expofed  to  the  air,  it  lofes  its 
tranfparency,  waftes  away  in  fcaly  fragments,  which 
are  generally  pentagonal,  and  gradually  attracts  moif.- 
ture.  It  diflblves  in  two  parts  of  water :  It  combines 
readily  with  lime, — and  with  barytes  and  magnefia,  but 
with  more  difficulty.  With  the  alkalis  it  forms  neu- 
tral falts,  which,  according  to  Bergman,  are  decompo^p 
fed  by  lime.  The  fame  chemiil  informs  us,  that  ba- 
rytes and  magnefia  have  likewife  a  greater  afEnity  with 
this  acid  than  the  alkalis  :  but  a  great  many  more  ex- 
periments muft  be  made  before  we  can  be  fully  ac* 
quainted  with  all  the  properties  of  the  arfenic  acid« 
M.  Pelletier  prepared  this  acid  by  decompofing  am- 
moniacal  nitrate  with  oxide  of  arfenic.  The  ammonia- 
cal  arfeniate  thus  formed  was  deprived  of  its  ammoniac 
by  heat ;  and  after  it  had  been  for  fome  time  expofed 
to  the  adion  of  fire,  the  arfenic  acid  remained  pur^ 
and  folitary  in  the  bottom  of  the  retort. 

Bergman  obferve§,  that  the  fpecific  gravity  of  arfenic 
varies  from  that  which  diflinguiflies  it  in  the  me- 
tallic (late,  to  that  which  belongs  to  it  when  an  acid  : 
The  following  are  the  gravities  which  he  afcribes  to  it 
in  its  various  modifications  :  regulus  of  arfenic  8,308  : 
vitreous  oxide  of  arfenic  5,000  :  white  oxide  of  arfe- 
nic 3,706 :  arfenic  acid,  3,391. 

5  4  Arfenic 


48i>  Of  Arfenic  and  hi  Aeidt. 

Arfenic  is  made  ufe  of  in  fevera)  of  the  arts,  moic 
^fpecially  m  dyeing.  Arfemate  of  potafll  i»  likevife 
ufed  ;  and  M.  B-aume  has  long  mamifa^tured  it  for  tbe 
purpofe.-  of  the  arts. 

The  facility  with  which  oxide  of  arfenic  dfflbWcs  m 
wafer  or  any  aqueous  fluid,  renders'  it  a  very  danger- 
ous poifon.  The  following  fymptoms  appear  wbe&a 
petfon  has  taken  this  poifon :  His  month  becomes  dry, 
his  teeth  are  fet  on  edge,  and  bis  throat  contracted;  be 
has  an  involuntary  falivation,  and  an  acute  pain  in  his 
ftomach  :  he  feels  an  extreme  thirft,  and  naufeas  and 
Tomits  fHmy  bloody  matters :  he  feek  at  the  feme  tifDe 
very  intenfe  colic  pains  ;  his  body  is  bedewed  wiih  a 
cold  fweat,  ^nd  he  is  agitated  with  convulfions«  Thefe 
fymptoms  are  foon  followed  by  death  ;  and  oxide  of 
irfenic  is  known  certainly  to  have  been  the  caufe,  by 
examining  the  aKments  in  which  it  is  fufpefted  to  hoA 
been  given.  The  prefence  of  the  poifon  is  determi- 
ned by  drying  part  of  thofe  aliments,  and  throwing  it 
on  burning  coals :  if  impregnated  with  arfenic  it  a- 
hales  a  white  fmoke,  having  a  ftrong  fmell  of  garlic 

It  was  formerly  the  praftice  to  make  perfons  poifoB- 
ed  with  arfenic  drink  milk,  or  fome  mucilaginoBS  li- 
quid or  mild  oil,  with  a  defign  to  relax  the  vifcera^  and 
to  diflblve  and  carry  off  moft  of  the  arfenical  poifon. 
Navier,  a  phyfician  at  Chalons,  who  has  laboured  to 
difcover  fome  remedy  capable  of  counterading  the 
poifonous  effects  of  oxide  of  arfenic,  has  found  a  roaf- 
ter  which  combines  with  this  fubftance  in  the  bumi*! 
way,  faturates  it,  and  almoft  totally  divefts  it  of  its  cau- 
(licity.  That  fubftance  is  calcareous  or  alkaline  (^ 
phure  J  and  this  fulphure  is  ftill  better  for  the  purpofc 
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if  it  be  impregnated  with  a  little  iron.  A  folution  of 
02ude  of  arfenic  decompofes  fulphures  without  exhaling 
any  fbfiell :  the  oxide  combines  with  the  fulphur  to 
form  orpiment,  entenng  at  the  fame  time  into  union 
with  the  iron,  if  ^st  fotpbure  contain  any.  Navier 
prefcribes  a  dram  of  liver  of  fulphur  in  a  pint  of  water, 
to  be  taken  in  glafles,  or  five  or  fix  grains  of  dry  fuU 
phure  of  potafh  in  pills,  with  a  glafs  of  warm  water 
above  each  pill.  Wh^n  the  firft  fymptoms  are  remov- 
ed, he  recommends  the  ufe  of  fulphureous  mineral 
waters.  From  his  own  experience  he  informs  us,  that 
they  have  very  happy  eflfe&s  in  removing  the  tremors 
and  paralytic  affections,  which  ar^  the  ufual  confe- 
quences  of  taking  arfenic,  and  end  in  confumption  and 
death.  Navier  likewife  approves  of  the  ufe  of  milk^ 
becaufe  it  dSifolves  oxide  of  arfenic  as  well  as  water  ; 
but  difapproves  of  oils,  becaufe  they  do  not  diffolve  it« 
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WE  give  the  name  of  molybdena  to  a  new  femi- 
metal  difcovered  by  M.  Hielm,  which  is  ob- 
tained from  the  mineral  fubftance  known  by  the  fame 
name.  This  fubftance  is  not  to  be  confounded  ^th 
common  lead  ore^  plumbago,  or  the  matter  of  the  black 
pencils  ufed  in  drawing,  which  is  at  prefent  known  un- 
der the  peculiar  name  of  carbure  of  iron.  The  con- 
founding of  thefe  matters  has  produced  that  contrariety 
which  appears  in  the  refearches  of  all  the  chemifts  who 
have  examined  them,  from  Pott  to  Scheele.  It  is  to  be 
obferved,  that  carbure  of  iron  or  flumba'^o  is  much 
more  common  than  molybdena,  of  w^hich  there  are  but 
a  very  few  fpecimens  in  the  cabinets  of  the  curious  j 
and  that  therefore  the  experiments  of  chemifts,  exccp 
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thofe  of  Meflfrs  Quift  and  Scheele,  have  been  almoft  aU 
ways  made  on  the  former. 

It  is  very  difficult  to  «diftinguiih  the  one  from  the 
other  by  external  appearance.  Molybdena,  however, 
feels  rather  more  greafy  than  the  other  fubftance :  it 
confifts  of  hexagonal  fcaly  laminsc  of  various  flzes,  and 
fcarce  adhering  together.  It  fpots  the  fingers,  and 
leaves  bluiih  or  filver  grey  marks  upon  paper.  When 
reduced  to  a  powder, — which,  however,  its  elaflicity 
renders  difficult  to  be  done — the  powder  is  bluifli :  it 
may  be  cut  with  a  knife ;  it  does  not  break  into  pie- 
ces, nor  has  a  granulated  contexture  like  plumbago. 
Scheele's  procefs  for  pulverifing  ore  of  molybdena  was, 
to  throw  a  little  fulphate  of  potaih  into  a  mortar  toge- 
ther with  this  ore,  and  afterwards  to  wafh  the  powder 
with  warm  water,  which  carried  oflf  the  fait,  leaving 
the  ore  pure.  The  analyfis  of  this  ore,  effeded  in  va- 
rious ways,  (hows  it  to  be  a  compound  of  fulphur  with 
the  femi-metal  which  we  are  confidering  :  but  it  is  verj 
difficult  to  obtain  the  femi-metal  feparate.  The  illu- 
ftrious  Scheele  could  not  reduce  this  metallic  oxide, 
either  with  black  flux  and  coal,  or  with  borax  and  coal, 
or  with  oil.  Bergman  informs  us,  that  M.  Hielm  was 
more  fuccefsful,  and  obtained  fo  much  of  the  metal  as 
to  be  able  to  diftinguifh  its  properties  ;  but  (ince  that, 
M.  Hielm  has  publifhed  nothing  concerning  the  matter 
himfelf. 

M.  Pelletier,  in  his  experiments  concerning  the  re- 
duftion  of  the  oxide  of  molybdena,  and  the  nature  of 
the  molybdic  acid,  could  never  obtain  a  lump  of  mo- 
lybdena ;  what  he  obtained  was  a  friable,  blackiih,  ag- 
glutinated matter,  of  a  metallic  luflre :  through  a  mag- 
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niiier,  it  appeared  to  confift  of  fmall^  round,  grej, 
fparkJing  grains,  which  M.  Pelletier  takes  to  be  the 
metal,  or  pure  molybdena.  Manganefe  has  never  yet 
been  obtiined  in  any  other  form  but  that  of  finall 
grains.  The  following  are  the  properties  which  this 
metal  has  been  found  to  pofTefs.  It  is  grey,  and  con* 
fills  of  fmall  agglutinated  brittle  grains,  which  are  very 
infufible.  When  heated  in  the  air,  it  is  converted 
into  a  white  volatile  oxide,  which,  like  oxide  of  and- 
mony,  cryflallizes  by  fublimation  into  fparkling  need- 
led prifms.  This  oxide  becomes  acid  when  it  is  fuper- 
iaturated  with  oxigene,  forming  that  faline  produd 
which  is  fo  well  known  from  Scheele's  refearches.  The 
nitric  acid  eafily  calcines  molybdena,  converting  it  in- 
fo a  white  oxide,  or  even  into  the  molybdic  acid.  Ox- 
ide of  molybdena  becomes  blue  and  fparkling  when  it  is 
reduced  to  a  metallic  ftate.  Alkalis,  with  the  help  of 
beat,  oxidate  and  diffolve  this  metal.  It  may  be  mixed 
with  lead,  copper,  iron,  and  filver  ;  the  mixtures  thus 
made  up  are  granulated,  greyiib,  and  very  friable. 
Laftly,  in  union  with  fulphur,  it  forms  fulphure  of  mo- 
lybdena ;  a  compound  which  is  entirely  the  fanie  with 
thef  ore  of  this  metal,  improperly  known  by  the  name 
of  molybdena  and  poteht.  As  this  iaft  is  the  ore  on 
which  Scheele  made  his  experiments,  and  as  it  is 
from  this  mineral,  which  is  much  better  known  than 
the  metal  which  it  contains,  that  he  prepared  the 
molybdic  acid,  we  ihall  examine  its  properties  more 
particularly. 

When  nadve^^/^/0/,  or  fulphure  ofmolybdena,  isex- 
pofed  to  fire  in  an  open  veiTel,  it  exhales  fulphur,  and 
evaporates  aliitoft  totally  in  white  fmoke.    When  heat- 
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ed  in  a  ladle  with  the  blow-pipe,  it  gives  out  the  lame 
fmoke ;  which  is  condenfed  into  yellowiih  cryftalUne 
laminae,  and  aflumes  a  blue  colour  when  brought  into 
contad  with  combuftible  bodies.  M.  Pelletier,  upon 
calcining  fulphure  of  molybdena  in  a  crucible,  with 
another  crucible  covering  it,  obtained  white  fparkling 
needled  cryftals,  refembling  that  matter  which  is  call- 
ed Jilver  flowers  of  antimony.  This  fublimated  oxide 
of  molybdena  poflefTes  all  the  diflinguiihing  charac- 
teriftics  of  an  acid  ;  but  this  would  be  too  tedious  and 
too  expenfive  a  procefs  for  the  preparation  of  the  mo^ 
lybdic  acid. 

The  faline  earths  and  the  fixed  alkalis,  when  melted 
with  fulphure  of  molybdena,  diflblve  both  the  fulphnr 
and  the  metal. 

Severed  of  the  acids  produce  remarkable  alterations 
on  this  ore.  The  fulphuric  acid,  concentrated,  reduces 
the  metal  to  an  oxide,  giving  out  a  quantity  of  fulphu- 
reous  acid  by  the  way  of  ebullition. 

The  muriatic  acid  has  no  power  of  acting  on  this 
mineral. 

The  acid  of  arfenic,  when  diftilled  with  fulpliure  of 
molybdena,  is  robbed  of  its  oxigene,  which  combines 
with  the  fulphur  to  form  fulphureous  acid,  volatilizes 
into  orfiment  with  the  remaining  part  of  the  fulphur, 
and  changes  part  of  the  molybdena  into  molybdic 
acid,  leaving,  however,  moft  of  it  dill  in  the  metal* 
lie  ftate.  From  this  experiment  M.  Pelletier  con* 
eluded,  that  molybdena  is  in  the  metallic  ftate  in  its 

Oq  diftiUing  30  dunces  of  nitric  acid,  diluted  in  wa- 
ter with  an  ounce  of  molybdena  at  5  different  times  ; 

that 
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that  is,.  6  ounces  of  !the  acid  ;at  a  time,  a  great  quantity 
of  nitrous  gas  is  difengaged,  and  there  remains  in  the 
retort  a  white  powder  ;  which  mud  be  wafhed  wlchi 
fufEtient  quantity  of  cold  dillilled  water^  in  order  to 
carry  off  what  remains  of  the  extraneous  acid,  and  is 
foluble  in  cold :  fix  drams  and  an  half  of  pure  aH>lybdk 
acid  remain  after  this  edulcoration.     Scheele,  to  whom 
we  owe  this  difcovery,  gives  it  as  his  opinion,  that  the 
nitric  acid  on  this  occafion  feizes  the  phlogifton,  and 
flies  off  in  red  Vapours.     It  likewife  burns  the  fulphur 
of  the  molybdena }  for  which  reafon,  the  water  ufed  in 
waihing  the  acid  of  molybdena  contains  fulphuric  acid^ 
which  may  be  obtained  by  evaporation  in  a  concentra- 
ted flate,  ftill  retaining,  however,  a  little  molybdena  b 
Xolution  :  this  fubffance  communicates  to  the  evapon* 
ted  liquid  a  fparkling  blue  colour.    My  opinion  is,  that, 
in  this  infiance,  and  in  all  others  in  which  nitric  acii 
being  diftilled  on  any  fubftance,  reduces  it  to  an  acii 
the  nitric  acid  is  decompofed  ;  and  that  the  difengage* 
ment  of  the  nitrous  gas,  and  the  formation  of  the  ful- 
phuric and  the  molybdic  acids,  are  owing  to  the  os* 
igene  of  the  nitric  acid  being  feparated  and  fixed  in  the 
molybdena. 

The  molybdic  acid  obtained  by  the  fame  prbcefs  is 
in  the  form  of  a  white  powder  ;  its  tafte  faintly  aciJ 
and  metallic.  When  heated  in  a  ladle  ^ith  the  blo\r- 
pipe,  or  in  a  crucible  with  accefs  of  air,  it  is  volatilized 
in  a  white  fmoke,  which  condenfes  into  needled  cry- 
ilals,  and  part  of  it  fixes  on  the  fides  of  the  cru- 
•■cible.  Even  after  edulcoration  it  retains  a  portion  ci 
fulphureous  acid  :  which  may,  however,  be  complete* 
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ly  difengaged  from  it  by  the  application  of  a  ftrong 
heat. 

This  acid  is  foluble  in  boiling  water  ;  Scheele  diflbl- 
ved  a  fcruple  of  it  in  20  ounces  of  water.  The  tafte  of 
this  folution  is  fingularly  acid,  and  almofl  metallic :  it 
reddens  tindure  of  turnfole,  decompofes  a  folution  of 
foap,  and  precipitates  alkaline  fulphures,  or  livers  if 
fulphur  :  it  becomes  blue,  and  lofes  its  confiftency  when 
ezpofed  to  cold. 

The  concentrated  fulphurlc  acid,  with  the  help  of 
heaty  diflblves  a  large  proportion  of  the  molybdic  acid. 
This  folution,  when  cooled,  becomes  thick,  and  affumes 
a  beautiful  colour.  Thefe  two  phaenomena  may  be 
caufed  to  difappear  by  heating ;  but  they  appear  again 
when  the  liquor  is  again  cooled-  If  this  combination 
be  expofed  to  an  intenfe  heat  in  a  retort,  the  fulphuric 
acid  will  volatilize,  leaving  the  molbydic  acid  dry  ia 
the  bottom  of  the  veflel. 

The  nitric  has  no  power  of  a£ting  on  the  molybdic 
acid. 

The  common  muriatic  acid  diflblves  a  large  propor- 
tion  of  it.  This  folution  affords  a  deep  blue  reiidue, 
when  it  is  diftilled  to  drynefs :  the  refidue,  if  urged 
with  heat,  is  fublimed,  and  one  part  of  the  fubllmate  is 
white,  the  other  bluiih.  The  fublimate  is  liable  to  de- 
liquiate,  and  tinges  metals :  the  muriatic  acid  is  oxi« 
genated  when  it  pafles  into  the  receiver.  It  is  eafy  to 
conceive,  that  in  this  operation  the  muriatic  acid  de- 
prives the  molybdic  of  part  of  its  oxigene;  and  of  con* 
fequence  part  of  the  molybdic  acid  paffes  into  the  ftats 
of  molybdena. 

The 
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The  molybdk  acido  wkh  the  help  ^  hat,  decom- 
pofes  the  alkaline  nitrates  and  muriates,  by  difeng^ 
giag  tbdr  acids,  and  combines  with  their  ba^es  to  form 
meatral  falts  ;  the  properties  of  which  Scheele  has  hoc 
iuUy  examined,  lliss  add  likewife  ^ifeiigageB  ^die  car- 
bonic add  from  the  three  alkalis,  and  forma  neutzd 
faks  with  their  bafes. 

Though  Scheele  does  not  make  us  acquainted  widt 
all  the  properties  of  thefe  neutral  falts,  to  which  ve 
^i  ve  the  names  of  moljbdates  nf  patafh^  >rffoda^  if  Mm- 
jnoniacj  &f^« ;  yet  he  takes  notice  of  three  of  them, 
^which  may  be  ofed  as  general  charaderiftios.  He  has 
obferved,  i  •  That  fixed  alkali  rendens  the  oiolybcfic  a- 
^cad  more  (bluble  in  water,  a.  That  the  4ame  bk 
diinders  the  molybdic  .dcid  from  being  nrolatilized  fay 
heat.  3*  That  mdybdate  of  potafli  is  pnecqihaied  by 
icooling  in  fmall  granulated  cryftals  \  and  that  it  may  be 
alfo  feparated  from  its  folvent  by  the  fulphuric  aad  the 
muriatic  acids. 

The  molybdic  acid  decompofes  barytic  fulphate  aoi 
nitrate.  The  barytic  molybdate  formed  on  thefe  occa- 
.fions  is  foluble  in  ^water. 

The  molybdic  acid  appears  to  decompofe  fulphate  ct 
^potafh  in  part)  and  difengages  from  it  by  a  ftrong  hear^ 
-a  little  fulphuric  acid. 

The  molybdic  acid  difTolves  feveral  metals,  and  at 
dumes  a  blue  colour,  m  proportion  as  it  gives  up  i^ 
-them  a  part  of  its  oxigene.  It  precipitates  various  tDt- 
•tallic  folutions,  &c.  M.  Klaproth  has  found  it  in  com- 
bination with  lead,  in  the  yellow  fpathofe  ore  of  lead. 
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Of  TungJieHj  and  the  Tun/lie  Acid. 


r[AT  mineral  which  the  Swedes  call  tungften^  and 
to  which  feveral  naturalifts,  and  particularly 
krgman  in  his  Sciagraphy,  have  given  the  name  of 
cnderous  Jione^  lapis  ponderofus^  has  been  confidered  by 
>onfledt  as  an  iron  ore,  and  has  received  from  him 
le  denomination  oi  ferrum  calciformey  terra  quaddm 
xcognitd  intime  mixtum.  Moft  of  the  German  natura- 
(Is  have  reckoned  it  among  the  tin  ores,  under  the 
ame  of  'white  tin  crjfial^  or  zinnfpath  ;  and  in  almoil 
1  cabinets  of  natural  hiflory  it  is  ranked  as  a  kind  of 
n. 

No  flrift  analyiis  of  this  mineral  had  been  made  he- 
re Scheele  attempted  it.    Thatchemift,  on  exami- 
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ning  this  pretended  tin  ore»  difcovered  it  to  confift  of  a 
peculiar  acid  in  combination  with  lime.  Bergman 
made  a  feries  of  experiments  on  this  matter  with  the 
fame  refults.  This  difcovery  was  made  in  the  yesr 
1781.  Thofe  two  Swedifh  chemifts  were  induced, 
from  an  examination  of  the  properties  of  this  mineral, 
to  think  the  acid  which  they  found  it  to  contain  of  a 
metallic  nature. 

iSince  that  period,  Meffrs  D'EIhuyar  of  the  Royal 
Society  of  Bifcay,  M.  Angulo  of  the  Academy  of  Val- 
ladolid,  and  M.  Crell,  have  repeated  the  Swedifh  che- 
mifcs  experiments  with  the  fame  refults.  From  what 
we  have  already  faid  of  this  natural  fait  and  its  acid, 
the  reader  will  have  perceived,  that  what  the  Swedes 
call  tungjleriy  is  a  fait  formed  by  the  union  of  the  tua- 
flic  acid  with  lime  :  we  apply  the  name  iungjien  to 
the  metal  which  appears  to  be  the  bafe  of  the  add, 
calling  this  fpccies  of  ore  native  tun/late  of  lime. 

Meffrs  d'Elhuyar  of  the  Bifcayan  Society,  have  diA 
covered,  that  wolfram^  which  was  formerly  thought  io 
be  a  poor  ore  of  iron,  is  a  combination  of  the  tunlb'c 
acid  with  iron  and  manganefe^  They  have  obtained  a 
peculiar  regulus  of  this  mineral.  The  wolfram  which 
they  have  analized  was  from  the  tin-mine  of  Zinwalde. 
It  appears  in  compreiTed  hexahaedral  prifms  ;  it  has  the 
metallic  luflre  ;  its  fradure  is  foliated  \  and  it  may  be 
cut  with  a  knife.  It  contains  in  the  hundred  weight 
22  parts  of  black  oxide  of  manganefe,  12  of  oxide  c\ 
iron,  64  of  tunftic  acid,  and  2  of  quartz.  Native  tun- 
flate  of  lime  from  Schleckcnwelde  in  Bohemia  contaics, 
according  to  thofe  gentlemen,  68  pounds  of  tunftic  acid 
and  30  of  lime. 

Such 
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Such  are  the  two  known  ores  of  the  new  femi-metal 
which    we    c:ill    tungfien.      Mcffrs    d'Elhuyar    melc- 
cJ  one  part   of  wolfram   with   foiir   parts   of  carbo- 
nate  of  potalh*;    they   lixiviated   this   mixture ;    the 
v/ater  diiTolved  the  tunftate  of  potafh  ;  and  with  the 
nitric    acid  they   precipitated  the    tunftic    acid  in   a 
yellow  powder.      This  precipitate,    when  put  into  a 
crucible  with  charcoal,  and  urged  with  fire,-  afforded  a 
metallic  button,  coafiiling  of  a  number  of  fraall  friable 
rlobules.    The  following  are  the  properties  which  they 
obf^rved  in  this  new  femi- metal :  Its  fpecific  gravity 
was  confiderable,  but  never  above  17.6;  it  appeared 
to  be  very  infufible,  even  more  fo  than  manganefe  ;  it 
was  infolublc  in  the  three  ilrongeft  acids,  and  even  in 
the  nitro-muriatic  acid ;  it  entered  readily  into  combi- 
nation with  fome  metals,  particularly  with  iron  and  fil- 
ver,  on  the  pre  perries  of  which  it  produced  a  lingular 
change  :  it  was  eafily  reduced  to  an  oxide,  and  its  ox-^ 
ide  was   yellow,  but  changed  to  blue  when  expofcd  to 
heat,  and  was  infoluble  in  acids,  but  foluble  in  alkalis, 
and  remained  dilfolved  in  water,  when  triturated  with 
it,  in  imitation  of  an  emulfion.     Though  fonie  of  thcfc 
charafteriftics  be  analogous  with  thofe  of  mclybdenay 
as  Bergman  and  Scheele  had  before  obferved  in  theii'- 
experiments  on  the  molybdic  acid  -y  yet,  taken  all  to- 
^erher,   they  may  be  allowed  to  diftinguilh  tungllen  as 
a   peculiar  femi-metal.     But  many  more  experiments 
than  have  yet  been  made  arc  neceffary  to  make  us  fuU 
W  acquainted  with  its  properties.     Tbore  chcmifts  who 
nave  turned  their  views  to  this  object,  have  made  many 
Tiore  experiments  on  native  tunftate  of  lime  than  on 
he  femi-mjtal  obtained  from  it  by  Meflrs  d'Elhuyar. 
In  order  to  give  a  fall  account  of  their  difcoveries  con- 
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cerning  this  mineral,  it  will  be  neceflary  for  us  to  in^^ 
fift  for  fome  time  on  its  properties. 

Native  tunftate  of  lime  is  ftill  but  vAy  fcarce.  It  is 
found  in  the  iron  mines  of  Bitfberg,  and  in  the  tin* 
mines  of  Schleckenwalde  in  Bohemia ;  and  moft  of  the 
white  tin  cryftals  of  Sauberg,  near  Ehrenfriendcrsdorf 
are  tunftate  of  lime.  Befides,  on  aifaying  the  white  tin 
cryftals  preferved  in  cabinets,  in  a  way  which  we  fkall 
defcribe,  we  find  among  them  fome  fpecimens  of 
this  fubftance,  which  were  not  before  fufpeded  to  be 
fuch. 

Tunftate  of  lime  fuifers  no  fenfible  alteration  from 
heat :  the  aftion  of  the  blow-pipe  makes  it  decrepitate, 
and  fall  into  duft,  but  does  not  melt  it.  A  blue  flame 
gives  it  a  faint  colour ;  but  nitre  divefts  it  of  that  co- 
lour. 

Boiling  water  has  no  power  of  afting  on  this  metal* 
Kc  fait  in  powder ;  and  it  is  abfolutely  infoluble.  The 
a&ion  of  air,  earths,  the  falino-terrene  fubftances,  and 
the  cauftic  alkalis  on  this  fait,  has  not  yet  been  attend- 
ed to. 

When  the  fulphuric  acid  is  lieated  and  diftilled  on 
tunftate  of  lime,  it  paiTes  without  fuflfering  any  altera- 
tion ;  the  refidue  afTumes  a  bluiih  colour  ;  ^nrhen  lixi- 
viated in  boiling  water,  it  affords  a  little  calcareous 
fulphate ;  which  proves  that  this  fubftance  contains 
lime,  and  that  the  fulphuric  acid  decompofes  but  averj 
fmall  part  of  it. 

The  weak  nitric  acid  ads  on  this  fait  with  the  help 
of  heat,  but  without  producing  any  difcernible  effer- 
vefcence.  This  acid  communicates  to  it  a  yellow  co- 
lour, by  which  it  is  diftinguilhed  from  real  tin  ore,  and 
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decompofes  it  by  abftrading  the  lime.     About  twelve 
parts  of  nitric  acid  in  the  (late  of  common  aquafortis,  are 
required  to  effe&  the  entire  decompofition  of  one  part 
of  calcareous  tunftate.     Scheele,  in  performing  this 
operation,  applied  the  nitric  acid,  not  all  at  once,  but  at 
feveral  different  times.     After  obferving  the  a£Kon  of 
three  parts  of  the  weak  nitric  acid  on  one  of  this  neu- 
tral fait,  he  poured  upon  it  two  parts  of  cauftic  ammo- 
niac ;  the  powder  which  the  weak  nitric  acid  turned 
yellow  was  rendered  white  by  the  alkali :  be  conti- 
nued to  apply  the  acid  and  the  alkali  fuccef&vely  till  ' 
the  calcareous  tunftate  was  entirely  diflblved.     From 
four  fcruples  which  he  fubjeded  to  this  procefs  he  had 
three  grains  of  a  reiidue,  which  appeared  to' him  to  be 
pure  filiceous  earth.     On  precipitating  the  nitric  acid 
employed  in  this  operation  by  pruiEate  of  potafh,  and 
afterwards  by  potafh,  he  obtained  two  grains  of  prulliate 
of  iron,  or  PrufEan  blue,  and  fifty-three  grains   of 
chalk  :  the  ammoniac  being  combined  with  the  nitric 
acid  afforded  an  acid  precipitate.     In  this  experiment 
the  nitric  acid  decompofes  the  calcareous  tunftate  by 
feizing  the  lime  ;  and  the  tunftic  acid  thus  feparated  is 
attraded  by  the  amoniac.     The  ammoni&cal  fait  form- 
ed by  this  laft  folution  is  decompofed  by  the  nitric  acid, 
which  has  a  greater  affinity  with  the  ammoniac  than 
the  ammoniac  has  with  the  tunftic  acid.     This  laft 
acid  being  much  lefs  foluble  than  ammoniacal  nitrate, 
is  precipitated  gradually,  as  it  is  left  at  liberty,  in  the 
form  of  a  white  powder.     That  powder  muft  be  lixi- 
viated with  cold  diftilled  water,  in  order  that  the  tun- 
flic  acid  may  be  obtained  very  pure. 
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This  acid  may  Hkewife  be  obtained  by  a  diCercr. 
procefs,  which  Scheele  employed  with  the  fame  fuc- 
c6fs.  One  part  of  native  calcareous  tunftate  in  powJe: 
with  four  parts  of  carbonate  of  potafli  are  melted  to;e. 
ther  in  an  iron  crucible ;  the  mafs  is  lixiviated  wkh 
twelve  parts  of  boiling  water;  nitric  acid  is  pourti 
upon  it  till  it  ceafe  to  efFervefce ;  it  is  again 'meltu 
with  four  parts  of  carbonate  of  potafii,  and  again  lixi- 
viated with  water,  and  treated  with  nuric  acid  till  it 
ceafe  to  effervefce  :  there  now  remains  nothing  but : 
little  filiceous  earth,  all  the  tunftic  fait  being  uv- 
compofed.  In  faO:,  during  the  fufion,  the  potafiiis 
united  with  the  tunftic  acid,  forming  with  it  a  pecu- 
liar neutral  fait ;  while  the  carbonic  acid,  combinin: 
with  the  lime,  converts  it  into  chalk.  When  the 
melted  mafs  is  lixiviated,  the  water  diflblves  the  tur.- 
flate  of  potafh,  which  is  much  more  foluble  than 
chalk,  and  the  chalk  remains  alone.  The  nitric  aa 
employed  after  the  water  diffolves  the  chalk  uithu- 
fervefcence,  without  affecting  that  portion  of  the  ca'- 
careous  tunftate  which  the  four  former  parts  of  the  i- 
kali  have  failed  to  decompofe.  At  the  fccond  open- 
tion,  the  fait  having  been  completely  decompofi^ 
by  the  four  former  parts  of  carbonate  of  potafb,  the  ni- 
tric acid  carries  off  all  the  chalk ;  fo  that  by  means  l 
the  eight  parts  of  fixed  alkali  and  a  little  aquafc»t> 
fucceflively  applied,  the  principles  of  the  calcara'-' 
tunftate  are  entirely  feparated  ;  its  acid  is  united  ^'^ 
the  potafh,  and  its  lime  with  the  nitric  acid.  Or 
precipitating  the  calcareous  nitrate  by  potaih,  wc  lean 
vvhat  quantity  of  lime  was   contained  in  the  calcs- 
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reouis  tunftatc  Aibmitted  to  the  procefs ;  all  that  now 
remains  to  be  done  is,  to  feparate  the  tunftic  acid 
from  the  fixed  alkali.     To  effeft  this,  the  procefs  de- 
fcribed  in  the  former  experiment  is  employed,     A  fuf- 
ficient  quantity  of  nitric  acid  is  poured  into  the  lixi- 
vium of  the  melted  mixture  of  tunftate  of  lime  with 
carbonate    of   potaib :    The   lixivium    becomes    tur- 
bid, and  thickens ;  becaufe,  as  the  nitric  acid  has  a 
greater  aiEnity  than  the  tunftic  with  the  fixed  alkali, 
the  tunftic  acid  is  precipitated  in  powder,  while  the  li- 
quor ftill  retains  the  nitre  in  folution.     The  precipitate 
is  wafhed  with  cold  water ;  and  the  tunftic  acid  is  then 
obtained  pure  in  the  form  of  a  white  powder,  as  in  the 
former  operation.     This  procefs  is  even  preferable  to 
the  former,  as  being  eafier,  and  lefs  expenfive. 

The  muriatic  acid  ads  on  calcareous  tunftate  in  the 
fame  manner  as  the  nitric  acid,  decompofing  it  with 
equal  energy ;  and  as  it  communicates  to  it  a  yellower 
colour,  Bergman  recommends  the  ufe  of  it  for  aifay- 
ing  and  examining  this  earthy  fait. 

The  tunftic  acid  obtained  by  any  one  of  thefe  three 
procefles,  appears,  as  we  have  already  mentioned,  in  the 
form  of  a  white  powder.  When  expofed  to  the  aftion 
of  the  blow-pipe,  it  becomes  yellow,  brown,  or  black ; 
but  without  melting  or  being  volatilized.  It  difiblves 
in  20  parts  of  boiling  water.  The  folution  has  an  acid 
tafte,  and  reddens  tindure  of  turnfole. 

The  tunftic  acid  appears  to  form  with  barytes  a  fait 
which  is  abfolutely  infoluble  in  water ;  with  magnefia 
it  forms  another  fait  fcarcely  foluble. 

When 
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When  a  folution  of  this  acid  is  poured  into  lime  n- 
ter,  it  produces  a  fmall  portion  of  precipitate,  which 
may  be  confiderably  increafed  by  applying  beat. 
Scheele  thinks  this  precipitate  to  be  regenerated  cala- 
reous  tunftate. 

The  tunftic  acid,  when  faturated  with  pota(h,  af- 
fords a  fait,  which  is  precipitated  in  very  fmall  cryf- 
tals,  the  form  of  which  is  not  certainly  known.  Schcele 
fays  nothing  of  the  combination  of  this  acid  with 
foda.  According  to  him,  it  forms  with  ammoniac  a 
fait  in  fmall  needles.  When  this  ammoniacal  tunftate 
is  expofed  to  heat  in  a  retort,  the  ammoniac  efcapes, 
and  the  tunftic  acid  remains  in  a  dry  yellowifh  pow- 
der :  ^the  fame  fait  decompofes  calcareous  nitrate  to 
form  tunftate  of  lime. 

When  the  tunftic  acid  is  heated  with  the  fulphuric 
acid,  it  aiTumes  a  bluifh  colour  ;  with  the  nitric  and  the 
muriatic  acids  it  changes  to  a  citron  yellow  :  it  commu- 
nicates a  green  colour  to  alkaline  fulphure,  and  preci- 
pitates it.  Scheele  has  not  determined  to  what  caufe^ 
thefe  chdnj^cs  of  colour  are  owing. 

Thar  chemift,  obferving  that  the  tunftic  acid  is 
eafily  coloured  by  combuftible  bodies,  as  alfo  that, 
like  borax,  it  communicates  a  blue  colour  to  vi- 
treous fluxes,  heated  this  acid  with  lintfeed  oil  in  a 
crucible :  but  he  obtained  no  metal  by  this  procei5, 
only  the  acid  was  blackened. .  Bergman,  however, 
concludes  from  the  gravity  of  this  acid  being  fo  con- 
fiderable,  from  its  colouring ,  inflammable  bodies,  and 
from  its  being  liable  to  precipitation  by  prufliate  of 
potalh,  or  Pruffian  alkali,  that  it  is  originally  of  a 
metallic  nature. 
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Wc  have  mentioned  the  procefs  by  which  Meflrs 
d'EIhuvar  reduced  the  tunftic  oxide  obtained  from 
voifram  into  metallic  globules ;  and  the  metallic  na? 
tare  of  this  acid  can  no  longer  be  conlidered  as  pro- 
blematical. 
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COBALT  or  cobolt  is  a  femi-metal  of  a  white  c 
lour,  inclining  a  little  to  red,  of  a  fine  clof; 
grain,  very  brittle,  and  eafily  reducible  to  powder  by 
the  aftion  of  a  peftle.  In  the  hydroftatic  balance,  it 
lofes  about  an  eighth  part  of  its  weight.  Its  fpeci- 
fie  gravity  is,  according  to  Bergman,  about  7,700.  Ii 
cryftallizes  in  bundles  of  needles,  arranged  one  over 
another. 

Cobalt  has  never  been  found  in  nature  in  a  pure 
and  native  ftate  ;  it  is  almoft  always  in  calx,  and  com- 
bined with  arfenic  or  its  acid,  with  fuTphur,  vith 
iron,  &c.  The  following  are  the  principal  fpecies  of 
cobalt,  diverfified  by  variety  of  combination,  as  they 
have  been  arranged  by  Bergman  and  Mongez. 

I,  Nativ: 


Of  Cobalt.  299 

1.  Native  cobalt  united  with  arfenic.  This  is  a  fo« 
I1J,  grey,  ponderous  ore,  fomewhat  brilliant  and  gra- 
nulated in  its  frafture :  it  gives  fire  with  fteel,  and  be- 
comes black  when  expofeJ  to  fire.  The  nitric  acid 
diuolves  it  with  efFervefcence  j  with  the  muriatic  acid 
it  forms  a  fympathetic  ink. 

2.  Cobalt  in  the  fi^te  of  an  oxide*  This  ore, 
which  appears  to  be  cobalt  oxidated  by  acids,  is  com- 
monly of  a  blackifli  grey  colour,  fometimes  refembling 
lamp-black,  generally  friable,  and  pulverulent.  It 
(lains  the  fingers  \  when  compact,  its  fradure  exhibits 
rofe-coloured  fpots.  Sometimes  it  refembles  the  fco- 
ria:  of  glafs  ;  a  circumftance  which  has  led  fonie  natu* 
ralifts  to  give  it  the  name  of  vitreous  cobalt  ore.  When 
this  ore  is  pure  it  contains  no  arfenic ;  but  it  is  often 
mixed  with  martial  ochre. 

3.  Cobalt  in  combination  with  the  acid  of  arfenic, 
fir/xers  of  cobalt^  red^  rofe-coloured^  or  coloured  like 
peach  bloffoms.  The  acid  of  arfenic  which  Bergman 
and  M.  Mongez  have  difcovered  in  this  fubftance, 
gives  it  its  colour.  This  ore  is  either  in  maifes  or  in 
powder,  or  in  a  ftriated  eSorefcence,  or  in  four*fided 
prifms,  with  fummits  of  two  faces.  In  fire,  it  gra- 
dually lofes  its  colour  as  the  arfenic  acid  is   difen- 

gagcd. 

4.  Cobalt  ore  united  with  iron  and  the  fulphuric 
acid  ;  fpecular  cobalt  ore.  It  has  been  very  improper- 
ly ci[\tA  fulpbureous  cobalt ;  for  it  contains  no  fulphur, 
but  a  little  of  the  fulphuric  acid.  This  ore  is  white 
or  grey,  very  brilliant,  and  the  richeft  of  all  cobalt 
ore3  i  it  generally  gives  fire  \^ith  fteel. 

5.  Cobalt 
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5.  Cobalt  combined  with  fulphur,  arfenic,  and  iron ' 

This  mineral  bears  the  name  of  white  or  grej  cobal! 

pre  ;  it  is  of  a  whitifli  grey  colour,  and  cryftalllzed  in 

complete  or  truncated  cubes,  fo  as  to  form  folid  figures 

of  fourteen,  eighteen,  or  twenty-fix  faces.     Its  fradare 

is  fparry  and  lamellated.     On  its  furface  it  fometimes 

exhibits  dendrites  in  leaves  refembling  fern :  In  this 

Hate  it  is  called  knit  cobalt  ore.     White  cobalt  ore  is 

but  feldom  regularly  cryftaliized,  but  its  charader  may 

be  always  diftinguilhed  by  its  whitifh  grey  colour,  its 

ipecific  gravity  which  is  lefs  than  that  of  the  preceding 

ipecies,  and  the  red  efflorefcence  which  almoft  alv^ays 

sij^ears  on  its  furface* 

In  affaying  cobalt  ore,  it  is  firft  pounded  and  waft- 
ed, and  afterwards  roafted  to  feparate  the  arfenic.   The 
cobalt  remains  in  the  (tare  of  a  lighter  or  deeper  blad 
oxide :  this  oxide  is  mixed  with  three  parts  of  blad 
fiiix  and  a  little  marine  fait :  it  is  melted  in  a  coTereJ 
crucible  with  the  heat  of  a  forge  fire  :  when  it  is  en- 
tirely melted,  and  the  matter  perfeftly  liquid,  the  cru- 
cible is  then  cooled  ;  as  it  cools,  thematter  which  it 
contains  is  gently  ftirred,  in  order  to  precipitate  the 
femi-metal,  which  is  accumulated  in  a  button  at  the 
bottom  of  the  veflel.     This  button  fometimes  confifts 
of  two  metallic  matters,  its  upper  part  confiding  of 
cobalt,  and  the  under  part  of  bifmuth :  a  flight  blow 
with  an  hammer  feparates  the  two. 

Modern  niineralogifts,  particularly'Bergman  and  Mr 
Kirwan,  propofe  the  nitric  acid  for  affaying  cobalt  ores 
That  acid  diflblves  both  iron  and  cobalt.  Thefe  mat- 
ters are  precipitated  with  carbonate  offoda,  and  the 
precipitated  cobalt  is  diiTolved  by  the  acetous  acid. 

Schdfc 
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Schefier  recommends  the  melting  of  cobalt  ores  with 
three  parts  of  potafli  and  five  of  powdered  glafs,  as  a 
good  way  of  determining  their  colouring  power. 

In  operations  in  the  great  way,  cobalt  is  never  obtain- 
ed in  the  metallic  form.  After  the  cobalt  ore  is  pound- 
ed and  waflied,  it  is  next  roafted  in  a  furnace  which 
terminates  in  a  long  horizontal  flue,  ferving  inftead  of 
a  chimney.  In  this  flue  the  fublimated  oxide  of  arfe- 
nic  is  condenfed  and  melted  into  glafs,  which  is  fold 
in  commerce  under  the  improper  denomination  of  white 
arfenic.  If  the  ore  happen  to  contain  a  little  bifmutb, 
that  matter,  being  very  Rifible,  falls  to  the  bottom  of 
the  furnace,  and  the  cobalt  remains  in  the  date  of  a 
dark  grey  oxide  which  is  called  zaffre.  The  zaffre  in 
commerce  is  never  pure ;  it  is  mixed  with  a  quantity 
of  pulverized  flint,  amounting  to  three  times  its  owa 
weight.  When  this  mixture  is  expofed  to  an  intenfe 
heat,  it  melts  into  a  dark  blue  glafs,  known  under  the 
name  of  fmalt.  This  fmalt  is  ground  to  powder  in 
mills,  and  diluted  in  water :  the  firft  portion  which 
fublides,  being  larger  grained,  is  called  coarfe  azure  ; 
the  water  is  decanted  off  while  it  is  ftiil  turbid,  and  af- 
fords a  fecond  precipitate  ;  it  is  thus  decanted  for  four 
times  fucceflively,  and  at  each  time  gives  a  finer  precipi- 
tate than  before  ;  the  laft  precipitate  is  the  fined  of  all, 
and  is  improperly  called  azure  of  four  fires.  This  azure 
is  ufed  in  feveral  of  the  arts  for  communicating  a  bljae 
colour  to  metals  and  glaffes,  &c. 

The  zaffre  of  commerce,  when  melted  with  three 
times  its  own  weight  of  black  flux,  a  little  tallow,  and 
a  little  marine  fait,  affords  the  femi-metal  improperly 
known  by  the  regulus  of  cobalt.    It  is  very  difficult  to 

reduce 
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reduce  zaffre  :  A  great  quantity  of  flux  muft  be  em- 
ployed, and  care  muft  be  taken  to  keep  the  crucihls 
long  enough  red  hot,  in  order  that  the  matter  may  be- 
come very  ifluid  and  fettle,  and  in  order  too  that  the 
fcoriae  may  melt  into  a  blue  glafs  :  the  cobalt  is  then 
precipitated  and  accumulated  under  the  fcoris  in  a 
metallic  button. 

When  cobalt  is  expofcd  to  fire,  it  does  not  melt  till 
it  becomes  very  red.  This  femi-metal  is  very  difEciili 
of  fufion,  and  appears  very  fixed  in  the  fire  :  it  is  not 
known  even  whether  it  would  be  pofiible  to  volatilize 
it  in  clofe  veflels  ;  but  we  know,  that  when  fuffered  to 
cool  llowly,  it  cryftallizes  into  needled  prifms,  difpofed 
one  over  another,  and  bundled  together :  as  M.  Mon- 
gez  has  obferved,  they  bear  a  pretty  exaft  rcfemblancc 
to  a  mafs  of  bafaltes  crumbled  down  into  pieces.  AW 
that  is  neceffary  in  order  to  fucceed  in  effeSing  this 
cryftallization  is,  to  melt  a  quantity  of  cobalt  in  a  cru- 
cible till  it  fuiFer  a  kind  of  ebullition,  and  then,  taking 
the  veffel  out  of  the  fire,  to  fet  it  upon  one  fide,  as  foon 
as  the  furface  of  the  femi-metal  which  it  contains  be- 
comes fixed.  This  inclination  of  the  veffel  caufes  that 
part  of  the  metal  which  is  ftill  in  a  ftate  of  fufion  (o 
run  off,  while  that  which  adheres  to  the  fides  of  the 
veffel  in  a  kind  of  gasode,  formed  by  the  cooling  of  the 
furfaces  of  the  cobalt,  is  fringed  with  prifmatic  cry- 
ftals  piled  together. 

When  melted  cobalt  is  expofed  to  the  air,  it  is  in  a 
fhort  time  covered  over  with  a  dark  and  duiky  pellicle, 
which  is  nothing  but  an  oxide  of  this  femi-metal, 
formed  by  its  combination  with  the  oxigene  of  the  at- 
niofphere.     When  a  large  quantity  of  oxide  of  cobalt 
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IS  wanted,  it  may  be  produced  more  readily  by  redu- 
cing the  femi-metal  to  a  powder,  and  expofm.^  it  ia  a 
fliallow  vefliel  under  the  mulHe  of  a  cupelling  furnace, 
ftirring  it  conftantly  to  change  the  furfaces.  This  pow- 
der, after  being  kept  red  hot  for  feme  time,  lofes  its 
brilliancy,  gains  an  incrcafe  of  weight,  and  becomes 
black.  The  utraoft  force  of  fire  is  requifite  to  mdt 
this  black  oxide  of  cobalt  into  a  deep  blue  glafs. 

Cobalt  is  tarniflied  a  little  in  the  air,  but  fuflfers  no 
injury  from  the  attacks  of  water,  l^his  femi-metal 
does  not  combine  with  earths,  but  its  oxide  unites  with 
them  by  fufion  to  form  a  very  fine  blue  glafs,  which 
no  intenfity  of  fire  can  render  volatile.  This  property 
cz  oxide  of  cobak  renders  that  fubflance  very  ufeful  in 
painting  enamels,  porcelain,  and  pottery* 

Wc  know  not  well  in  what  manner  barytes,  magne- 
Ha,  and  lime  ad  upon  cobalt.  Alkali  diflfolved  in  wa- 
ter produces  an  evident  alteration  upon  it ;  but  the  al- 
terations which  it  fuffers  from  the  feveral  alkalis  have 
not  yet  been  fuiSciently  attended  to. 

All  the  acids  difTolve  this  femi-metal,  but  with  va- 
rious phaenomena,  according  to  the  ftate  of  the  femi- 
metal  and  the  (late  of  the  acid. 

The  falphuric  acid  muft  be  concentrated  and  boiling  to 
diublve  cobalt.  This  foluti^n  is  effected  in  a  glafs  phial 
or  a  retort.  When  the  acid  is  almoft  totally  evaporated 
into  fulphureous  gas,  the  refidue  is  wafhed  ;  one  part 
of  it  diifolves  in  the  water,  communicating  to  it  a  rofe 
or  a  greenifh  colour  ;  this  is  fulphate  of  cobalt :  the 
Tc::due  is  cobalt  oxidated  by  the  acid,  the  oxigene  of 
which  has  entered  into  combination  with  the  femi- 
:netal.     M.  Baume  afferts,  that  when  the  fulphuric 
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folution  of  cobalt  is  fufficiently  evaporated  and  Pooled, 
it  affords  two  forts  of  ctyftals ;  the  one  fort  frnall, 
white,  cubic  cry ftals  ;  the  other  fpccies,  fquare  green- 
iih  cryftals,  fix  lines  in  length,  and  four  in  breadtL 
The  laft  of  thefe  he  rakes  to  be  fulphate  of  cobalt  :  the 
former  owe  their  formation  to  fome  other  metallic 
matters  in  union .  with  the  cobalt.  The  cryftals  cf  ful- 
phate  of  cobalt,  which 'are  moft  frequently  obtained 
in  the  form  of  fmall  needles,  and  which  M.  Sage  dc- 
fcribes  as  rhomboidal,  tetrahasdral  prifms,  terminating 
in  a  dihacdral  fummit,  with  rhombic  faces,  are  liable 
to  decompofition  by  fire  ^  the  refidue  is  oxide  of  cobak, 
not  reducibe  by  itfelf.  Barytes,  magnefia,  lime,  and 
the  three  alkalis,  likewife  decompofe  this  fait,  and  pre- 
cipitate  the  cobalt  in  a  rofe-coloured  oxide:  loo  grains 
of  cobalt  diffolved  in  fulphuric  acid,  afford,  when 
precipitated  by  pure  foda,  about  1 40  grains  of  a  pred* 
pitate;  and  when  precipitated  by  carbonate  of  foda,  i6z 
grains.  This  increafe  of  weight  is  owing  to  the  com- 
bination of  the  oxigene  of  the  fulphuric  acid  with  the 
cobalt ;  in  the  fecond  inftance,  the  carbonic  acid  com- 
bining with  the  oxide  of  cobalt  likewife  contributes  to 
the  increafe  of  its  weight.  The  fulphuric  acid,  diluted 
in  water,  ads  on  zaffre,  and  diffolving  part  of  it,  forou 
with  it  fulphate  of  cobalt. 

The  nitric  acid  diffolvcs  cobalt  with  effenrefcencc, 
with  the  help  of  a  moderate  heat :  as  the  oxigenous 
principle  of  the  acid  unites  with  the  cobalt,  a  quantity 
of  nitreous  gas  is  difengaged/  When  the  folution  is  &- 
turated,  its  colour  is  a  rofe  brown  or  a  bright  green : 
when  evaporated  by  a  ftrong  heat,  it  affords  nitrate  of 

cobalt  in  fmall  bundled  needles.    This  fait  is  rery 
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liable  to  deliquiate  :  On  ccals  it  boils,  but  does  not  de- 
tonize,  and  leaves  a  deep  red  oxide.  It  is  decompo- 
ftd  by  the  fame  faiine  intermediates  which  decom- 
pr.fe  fulphate  of  cobalt.  If,  on  thefe  occafions,  more 
alkali  be  added  than  is  neceffary  to  precipitate  the 
oxide  of  cobalt,  this  laft  fubftance  is  then  entirely  dif- 
ft'lved,  and  the  precipitate  difappears. 

The  muriatic  acid  does  not  diffolve  cobalt  when 
c  Ally  but  with  the  alTiflance  of  heat  it  difToIves  a  cer- 
t:Jn  portion  of  it.  This  acid  aAs  with  more  vigour 
en  the  oxide  of  the  femi-metal,  forming  a  reddifh 
brown  folution,  which^  when  heated,  becomes  green. 
When  this  folution  is  evaporated  and  highiy  concen- 
trated, it  affords  muriate  of  cobalt,  which  cryftallizes 
in  fmall  needles,  and  is  very  liable  to  deliquiate.  Heat 
communicates  to  it  at  the  firft  a  green  colour,  and  af- 
terwards decompofes  it. 

Aqua  regia,  or  the  nitro-muriatic  acid,  diflblves 
cobalt  fomewhat  eafier  than  the  pure  muriatic  acid,  but 
not  with  fuch  energy  as  the  nitric  acid.  This  folution 
has  been  long  known  by  the  name  oi  fympathetic  inky 
ar.d  is  not  vifible  till  it  be  heated.  Writing  perform- 
ed uith  this  ink,  though  invifible  when  coid,  appears 
V.  hen  heated  of  a  beautiful  fea-green  colour,  but  difap- 
[.ears  again  when  the  paper  becomes  cold.  This  pro- 
perty belongs  to  the  folution  of  oxide  of  cobalt  in  the 
n^uriatic  acid.  The  nirric  acid,  which  is  part  of  the 
:ompofition  of  acua  regia,  ferves  no  other  purpofe  but 
\\?x  of  helping  to  diflblve  the  cobalt,  and  to  maintain 
1  in  folution.  The  green  colour  which  cobalt  ink  dif- 
:la3/s  when  heated,  and  lofes  again  ^\hcn  it  becomes 
:old,  was  thought  to  be  owing  to  a  metallic  fait  which 
Vol.  II.  U  was 
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was  cryftallized  by  heat,  but  when  expofed  to  the  cold 
air,  attrafted  fo  much  moifturc  as  diflblved  it,  and 
made  it  difappear  :  but  it  has  fuice  been  fhown,  that  a 
folution  of  muriate  of  cobalt  in  water  affumes  the  fame 
colour  when  expofed  to  a  certain  degree  of  heat. 

The  boracic  acid  does  not  diffolve  cobalt  without  an 
intermedium  ;  but  when  a  folution  of  borate  of  foda 
is  mixed  with  a  folution  of  this  femi-metal  in  any  one 
of  the  before-mentioned  acids,  a  double  decompofitioa 
is  effefted  ;  the  foda  combines  with  the  acid  in  which 
the  metallic  oxide  was  diflblved,  and  the  boracic  acii 
combining  with  that  oxide  forms  an  almofl:  infolubk 
neutral  fait,  which  is  precipitated :  on  feparating  th: 
fupernatant  liquor  by  a  filter,  the  borate  of  cobak  li 
obtained  fcparate. 

Scarce  any  of  the  neutral  falts  are  liable  to  be  affect- 
ed by  the  aftion  of  cobalt.  When  expofed  to  fire  wi:i 
nitre,  it  is  reduced  to  an  oxide.  Put  into  a  red-h:: 
crucible  a  mixture  confiding  of  one  part  of  cobalt  wi-h 
two  or  three  of  nitre  well  dried,  no  detonation  will  tjk- 
place;  but  feveral  fmall  fcintillations  fufficiently  difcen:- 
ible  will  be  feen  to  follow  ;  in  confequence  of  wfc:::, 
part  of  the  cobalt  will  be  found  changed  into  an  cxi- 
of  a  lighter  or  deeper  red,  and  often  of  a  greenifh  c- 
lour. 

This  experiment,  and  all  the  reft  which  have  hxxz 
made  on  the  reciprocal  aflion  of  nitre  and  meta!!^ 
matters,  require  to  be  carried  farther.  Cobalt  di.: 
not  decompofc  ammoniacal  mur?ate.  Bucquet  p^:- 
forraed  this  experiment  with  the  greateft  care,  but «.. 
not  obtain  a  particle  of  ammoniac.     This  muft  depc:x 
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on  the  muriatic  acid  having  fo  little  power  of  aflion 
on  this  femi-metaL 

We  know  not  in  what  manner  hydrogenous  gas  afts 
upon  cobalt.     Sulphur  combines  with  this  fubflance, 
but  not  without  great  difficulty  :  but  the  alkaline  fuU 
phures  render  this  combination  eafier.     The  produ^ 
is  an  artificial  ore,  with  facets  of  various  fizes,  or  of  a 
finer  or  a  coarfer  grain,  and  of  a  white  or  a  yellowifh 
colour,  according  as  the  proportion  of  the  fulphur  is 
greater  or .  lefs.     M.  Baume,  who  has  given  an  excel- 
lent account  of  this  combination  in  his  Theory  and 
Praftice of  Chemiftry  (voL  2. page  288  to  297),  obferves, 
that  it  may  be  decompofed  by  the  acids,  and  that  fire 
is  not  capable  of  feparating  all  the  fulphur. 

Cobalt  in  its  metallic  ftate  is  of  no  ufe;  but  its  oxide 
is  ufed  to  give  a  blue  colour  to  glafs,  enamel,  pottery, 
md  porcelain.  It  is  alfo  ufed  for  making  fympathetic 
nk. 
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BISM  tJTH,  formerly  named  tin  glafs^  is  a  femi^metal 
of  a  yellowiih  white  colour,  very  ponderous,  and 
difpofed  in  large  plates.  It  yields  a  little  to  the  ham- 
mer like  an  elaftic  body,  but  foon  breaks  into  finall 
fpangles,  and  is  at  lafl  reduced  to  powder.  In  wat^ 
it  lofes  one  tenth  part  of  its  weight.  It  cryflallizes  i2i- 
to  polygon  prifms,  which  are  difpofed  in  quadrangular 
folids,  refembling  the  volutes  of  Grecian  architeduie*. 
or  perfedly  the  fame  with  thofe  of  muriate  of  foda.  It 
has  fcarce  any  taite  or  fmelL 

In  nature,  bifmuth  is  generally  found  in  a  metallic 
form.  The  properties  by  which  it  is  known  are,  a 
fparkling  yellowiih  colour,  fuch  a  degree  of  fofmc^ 
as  renders  it  liable  to  be  cut  with  a  knife,  a  lamellatAi 
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form,  and  a  ftrong  tendency  to  fuflon.  It  is  ufually 
cryftallized  in  triangular  plates  arranged  one  above  an- 
other. I  have  in  my  pofleffion  fome  fpecimens  of  this 
femi-metal,  in  which  its  cryftals  are  very  regular  odo- 
hsdrons.  Its  gangue  is  commonly  quartzofe.  It  is 
found  at  Scala  in  Neritia,  in  Dalecarlia,  and  at  Schn^- 
berg  in  Germany. 

A  number  of  modern  mineralogifts  doubt  the  exift- 
ence  of  arfenical  ore  of  bifmuth  :  Some,  however,  af- 
fert  it  to  be  chatoyant^  and  generally  arranged  in  fmall, 
glittering,  light  grey  laminse :  They  tell  us  alfo,  that  it 
is  almoft  always  mixed  with  native  bifmuth  and  co- 
balt :  the  reddiOi  efflorefcence  of  the  laft  of  which  fub- 
ftances  is  fometimes  obfervable  on  the  furfaces  of  fpeci* 
mens  of  bifmuth. 

Sulphureous  ore  of  bifmuth,  or  native  fulphure  of 
bifmuth,  which  is  taken  notice  of  by  mineralogifts,  is 
of  a  whitiih  grey  colour,  fometimes  inclining  to  blue, 
with  facets  or  needled  prifms.  The  Wftre  and  colour 
of  this  ore  are  the  fame  with  thofe  of  lead  ore  or  gale- 
na: it  has  almoft  always  fquare  facets;  but  it  has  never 
been  obferved  in  real  cubic  fragments  :  it  may  be  cut 
wi^h  a  knife  :  it  is  very  rare,  but  found  at  Baftnaes  in 
Sweden,  and  at  Schneeberg  in  Saxony. 

Croniledt  fpeaks  likewife  of  an  ore  of  martial  bif- 
muth, ^hich  he  fays  is  found  in  cuneiform  fcales  at 
S[onfberg  in  Norway. 

Laftly,  bifmuth  is  fometimes  found  in  the  ftate  of  an 
)xide.  It  is  then  in  the  form  of  a  granulated  efflo- 
efcence,  and  of  a  greenifh,  but  never  of  a  red  colour, 
)n  the  furface  of  bifmuth  ore.  Mr  Kirwan  thinks 
his  oxide  to  be  bifmuth  combined  with  the  carbonic 

U  3  acid. 
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acid.     Some  mineralogifts  afiert,  that  there  is  a  ful- 
phate  of  native  bifmuth  mixed  with  this  calx. 

The  procefs  for  aflaying  bifmuth  ore  confifts  in  melt. 
ing  it  in  a  crucible  by  a  moderate  heat,  with  the  hdp 
of  a  certain  quantity  of  reducing  flux.  As  bifmuth  is 
volatile,  it  muft  be  melted^  as  quickly  as  poilible ;  nay, 
the  bell  way  of  performing  this  operation  is  in  clofe 
veffels,  as  Cramer  recommends. 

It  is  equally  eafy  to  melt  bifmuth  ore  in  the  gieii 
way.  Dig  a  pit.  in  the  earth  ;  cover  it  with  billets  of 
wood  ;  fet  fire  to  the  wood,  and  throw  the  ore,  pre- 
vioufly  broken,  upon  it  while  burning ;  the  bifmuth 
melts  and  runs  into  the  pit,  where  it  is  moulded  into 
an  orbicular  cake.  In  fome  places  the  trunk  of  a  pice 
is  laid  on  one  fide  and  hollowed,  then  covered  with 
wood ;  the  wood  is  kindled,  and  the  bifmuth  throvn 
upon  it  while  it  burns.  The  femi-metal  then  melts, 
and  runs  through  the  pine  into  a  cavity  in  the  earth. 
The  liquid  bifmuth  is  drawn  from  this  refervoir,  acJ 
poured  into  iron  or  ingot  moulds. 

Bifmuth  fuSers  no  alteration  from  the  contad  o: 
light :  it  is  extremely  fufible,  and  melts  long  hthu 
becoming  red  hot.  When  heated  in  clofe  veffels  it  is 
entirely  fublimated  :  If  left  to  cool  flowly,  it  cryftal- 
llzes  in  Greek  volutes.  It  is  one  of  thofe  metallic  fuS 
ftanceswhich  cryftalHze  themoft  readily.  M.  Brongnirr 
was  the  firft  cbemift  who  fucceeded  in  crvftalHzine  it. 

If  bifmuth  be  held  in  fufion,  in  contaft  with  air,  i< 
furface  is  foon  covered  with  a  pellicle,  which  chanc.  • 
into  a  greenifli  grey  or  brown  oxide,  called  cinder  or  w 
of  bifmuth.  By  calcining  nineteen  drachms  of  birmL-t*: 
in  a  glafs  capfule,  M,  Baurae  obtained  twenty  drachm^ 
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atiJ  thirty-four  grains  of  oxide.  When  bifmulh  is  made 
reJ  hot,  it  burns  with  a  faint  and  fcarcely  difcernible 
blue  flame.  Its  oxide  evaporates  in  the  form  of  a  ycl- 
lowifli  fmoke,  which,  on  coming  into  contact  with 
cold  bodies,  is  condenfed  into  dufl  of  the  fame  colour, 
improperly  called  f.tnuen  of  h'tfmutb.  What  makes 
iliis  duft  volatilize,  is  the  rapidity  with  which  bifmuth 
burns ;  for  if  it  be  expofed  by  itfelf  to  fire,  it  does  not 
fublimate,  but  melts  into  a  greenifli  glafs.  Geoffroy, 
the  fon,  obferved,  that  towards  the  end  of  the  operation, 
tbit  fublimatcd  oxide  of  bifmuth  is  of  a  beautiful  yel- 
low orpiment  colour. 

The  grey  or  brown,  fuMimated  or  vitreous  oxides, 
are  combinations  of  this  femi'metal  with  oxigene,  or 
ihs  bafe  of  vital  air.  They  cannot  be  reduced  without 
the  addition  of  a  third  matter,  becaufe  the  mutual  af- 
finity between  the  two  principles  of  which  they  are 
compofed  Is  very  confiderable.  But  hydrogenous  gas, 
charcoal,  and  all  organic  combuftible  matters  which 
cantain  both  of  thefe  bodies,  decompofe  that  cxide,  and 
reduce  it  to  a  metal  by  attracting  its  oxigcnc,  »iili 
which  they  liave  a  greater  affinity  than  bifrautU  has. 

M.  d'  Arcet  having  expofed  bifmuth  in  a  bowl  of  un- 
hurnt  porcelain  to  the  heat  of  a  furnace  for  burning 
that  fubftance,  the  femi-metal  ran  through  a  crevice 
in  the  crucible,  leaving  in  the  veffel  a  glafs  «jf  a  diriy 
violet  colour,  though  the  bifmuth  that  ran  out  of  the 
bnwl  was  yeiiowifti.  Fro!ii  this  fad,  and  others  of  the 
fjine  kind,  it  appears,  that  there  is  a  diU'.-rence  between 
metallic  glaiTcs  formed  in  the  air,  and  glalTis  of  the 
fame  matter  which  have  not  been  expofed  tn  air  Ju. 
:irg  their  formation. 
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When  bifmuth  is  expofcd  to  the  air,  it  is  fomewbat 
tarnilhed,  and  a  little  whitifli  ruft  is  formed  on  its  fur- 
face.  It  fuiFers  no  injury  from  the  attacks  of  water, 
nor  does  it  combine  with  earths  f  but  its  oxide  con- 
bines  with  all  earrhy  matters,  promoting  their  fufion. 
It  communicates  a  grcenifti  yellow  tinfture  to  thcfe 
glaiTes,  into  the  compofition  of  which  it  enters. 

We  know  not  in  what  manner  the  fall  no- terrene 
fubliances  and  the  alkalis  ad  upon  this  femi-metal. 

Bifmnth  produces  an  alteration  on  the  concentrated 
and  boiling  fulj^huric  acid,  decompofing  it  in  part,  ar.J 
caufm?  it  to  exhale  liiiphureous  ^as.  The  ma(s  re- 
maining  in  the  vciVel  after  the  decompofition  of  p^Tt 
of  the  acid  is  white.  What  is  in  a  faline  ftate  may  be 
feparated  by  water  from  that  which  is  pure  oxide,  ari 
contains  [carce  any  acid.  The  lixivium  on  being  eva- 
porated afl.)rds  fuJphateof  bifmuth  in  fmall  deliquefcent 
needles.  This  fait  may  be  decompofed  by  fire,  by  t!:C 
faii'ioferrene  fubflances,  by  the  alkalis,  and  even  h 
water  applied  in  a  lan^e  enoujjh  quantity. 

The  niLric  acid  diiiolves  bifmuth  with  amazing  ra- 
pidity, or  rather  the  femi-metal  decompofes  the  acia 
by  robbing  it  very  quickly  of  part  of  its  oxigene.  The 
mixture  becomes  very  hot,  and  exhales  very  thick  red 
vapours.  If  this  combination  be  effeSed  in  a  pneumato- 
chemical  machine,  a  great  deal  of  nitrous  gas  is  obtained: 
and  this  is  a  very  fpeedy  and  convenient  way  of  obtain- 
ing that  gas.  During  the  folution,  a  black  porwdcr  ii 
precipitated,  which  Lcmery  took  for  bitumen,  but  Pc:: 
thinks  to  be  oxide  of  bifmuth  very  much  calcined.  JL 
Baume  thinks  it  fulphur ;  it  is  poffibly  charcoal.  The 
nitric  folution  of  bifmuth  is  colourlefs :  when  highly  &- 
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turated,  it  depofites  cryftals  without  evaporation.  Eva* 
poration  and  cooling  give  a  nitrate  of  bifmuth,  concern- 
ing  the  form  of  which  chemifts  are  not  agreed.  M.  Bau- 
m6  fays,  that  this  fait  is  in  large  needles  pointed  at  one 
end.  M.  Sage  defcribes  its  cryftals  as  tetrahsedral 
prifms,  a  little  comprefled,  and  terminating  in  two  ob- 
tufe  trihaedral  pyramids,  the  fides  of  which  are  a  rhom* 
bus  and  two  trapezia.  By  a  flow  evaporation  I  have 
obtained  it  in  very  large  flattened  rhomboids,  per- 
fectly fimilar  to  the  calcareous  fpar  of  Iceland. 

Nitrate  of  bifmuth  detonizes  with  a  faint  noife  into 
reddifli  fparks ;  it  then  melts  and  fwells,  leaving  a 
greenifli  yellow  oxide,  which  cannot  be  reduced  with- 
out the  addition  of  fome  other  fubftance.  When  this 
fait  is  expofed  to  the  air,  it  lofes  its  tranfparency,  and 
the  water  of  its  cryftals  efcapes.  When  an  attempt  is 
made  to  diflblve  it  in  water,  it  becomes  white  and  milky, 
giving  a  precipitate  of  oxide  of  bifmuth. 

The  fame  thing  happens  when  the  nitric  folution  of 
bifmuth  is  poured  into  water.  Moft  part  of  the  oxide' 
of  this  femi-metal  is  then  precipitated  in  the  form  of  a 
white  powder  called  white  paint  or  magijlery  of  bifmuth. 
A  folution  of  1 00  grains  of  this  metal  in  the  nitric  acid 
alFords  113  grains  of  precipitated  oxidej  the  increafe 
of  weight  being  owing  to  the  oxigene  abforbed.  To 
obtain  this  precipitate  very  white  and  fine,  a  great 
quantity  of  water  muft  be  ufed  in  the  preparation  of  it. 
The  ladies  ufe  it  for  whitening  the  flcin ;  but  it  un- 
luckily blackens  it  when  it  comes  into  contact  with 
any  odorous  combuftible  matter  ;  nay,  fcarce  any  other 
metallic  matter  poflefles  this  property  in  fo  high  a  de* 
gree.     Though  the  nitrate  of  bifmuth  be  moftly  de- 
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compofed  by  the  water,  yet  therq  ftill  remains  a  ponicn 
of  it  in  folution,  which  cannot  be  precipitated  by  any 
other  matter  but  lime  or  the  alkalis.  All  folutions  of 
bifaiuth  may  be  in  like  manner  precipitated  by  water. 
We  are  flill  ftrangers  to  the  nature  of  nitre  of  bif- 
muth. 

The  muriatic  acid  afts  with  fome  difficulty  on  tLi> 
femx-metal :  it  mull  be  concentrated  and  digefted  for  a 
long  time  over  the  bifaiuth  in  order  to  produce  any  ef- 
fcft  upon  it.  But  this  folution  fucceeds  better  when 
a  great  quantity  of  the  muriatic  acid  is  diftilled  on  the 
metal ;  a  foitid  odour  exhales  from  this  mixture  ;  iht 
refidue  is  to  be  walhcd  with  water,  which  carries  ofl  u 
part  of  the  metallic  oxide  combined  with  the  acid.  Mu- 
riate of  bifmuth  cryftallizes  with  difficulty  :  it  may  t* 
caufed  to  fublime,  and  it  then  forms  a  kind  of  foft  fu- 
fible  fait,  improperly  called  butter  of  bifmitthy  which 
powerfully  attradls  moiflure  from  the  atmofpherc.  Wa- 
ter decompofLS  it,  caufing  it  ro  precipitate  a  ^hirc 
oxide. 

We  know  not  in  what  manner  the  other  niincra^ 
acids  ad  upon  biniuith. 

Common  nitre  calcines  bifmuth,  but  without  an;, 
fenfible  detonation.  This  femi  metal  does  not  at  ai! 
decompofe  ammoniacal  muriate  ;  but  its  oxide  feparat: 
completely  the  ammoniac.  In  this  operation  a  grea: 
'  quaniity  of  amiaor.iac  gas  is  obtained,  and  the  rcfidu: 
is  a  combiniUion  of  the  metallic  oxide  with  the  muria- 
tic acid.  As  bifmurh  ads  not  on  ammoniacal  muriate, 
on  account  of  the  muriatic  acid  having  fo  little  poWii 
of  aftion  on  this  Icnii- metal,  it  is  very  remarkable  th:t 
its  oxide  fliGiild  pjiTjfs   fuch  a  property}   and  the  fc;:^ 
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jTiay  be  confidered  as  a  proof  that  this  fubdance  is  in 
its  nature  not  very  different  from  faline  fubftances. 

Hydrogenous  gas  alters  the  colour  of  bifmuth,  gi- 
viiig  it  a  violet  tinge. 

Suiphur  combines  with  this  femi-metal  by  fufion. 
rrom  this  combination  there  refults  a  fort  of  bluiih 
grey  fparkling  ore,  which  cryftallizcs  into  beautiful 
tetrahsdral  needles,  in  their  colours  refembling  pieces 
of  the  mod  beautiful  antimony. 

Bifmuth  is  ufed  by  workers  in  tin,  to  communicate 
a  proper  hardnefs  to  that  metal.  It  may  be  employed 
inftead  of  lead  for  the  cupellation  of  the  perfect  metals; 
becaufe  like  lead  it  melts  into  a  glafs,  which  is  abforb- 
ed  by  the  cupels.  Geoffroy  the  younger  obferved  a 
ftrong  relation  to  fubfift  between  this  femi-metal  and 
lead.  We  can  only  guefs  at  the  effefts  of  bifmuth  on 
the  animal  ceconomy.  It  is  thought,  with  great  ap- 
pearance of  probability,  that  like  thofe  of  lead  they 
mi^ht  be  dangerous.  This  femi-metal  is  even  known 
to  produce  fome  unfavourable  eU'efts  when  applied  ex- 
tcrnallv. 

Oxide  of  bifmuth  is  ufed  under  the  name  of  white 
yhit^  for  whitening  the  fkin ;  but  the  perfon  who  ufes 
it  mud  be  careful  to  avoid  all  ftrong  fmelling  matters, 
particularly  fuch  as  are  foetid.  The  vicinity  of  flaugh- 
ttr-houfes,  privies,  common  fewers,  and  almoft  any 
ftrong  fmelling  matter,  has  fuch  an  ihfluence  00  this 
oxide  that  it  turns  it  black.  The  vapour  of  alkaline  ful- 
phures,  or  of  eggs,  aOs  with  great  energy  in  producing 
the  fame  effect.  A  very  common  experiment  in  natu- 
ral philofophy  fully  proves  this  fact : — A  few  cl^arac- 
Tcrs  are  written  on  the  firll  iL-af  cf  a  clean  paper  book, 
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containing  an  hundred  pages ;  the  laft  leaf  is  impreg* 
nated  with  a  little  liquid  alkaline  fulphure ;  in  a  few 
moments  the  hepatic  vapour  is  conveyed  by  the  air 
between  the  intermediate  leaves  to  the  oppofite  fide  of 
the  book,  where  it  communicates  a  deep  brown  colour 
to  the  charaders  which  were  traced  on  the  firft  page. 
It  has  been  faid,  that  the  fulphurated  or  hydrogenous 
gas  penetrates  through  the  paper  :  but  M.  Mong^  has 
proved,  that  it  is  the  air  which  carries  it  from  leaf  to 
leaf ;  for  when  the  leaves  are  glued  together  the  phas- 
pomenon  does  not  take  place. 


CHAP. 
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Of  Nickel. 


CR  ONSTEDT9  who  confidered  nickel  as  a  peculiar 
femi-metal,  firft  made  it  known  to  the  world  in  the 
A£b  of  the  Academy  of  Stockholm  for  the  year  1751  and 
1 754.  According  to  him,  this  femi-metal  is  of  a  fpark* 
ling  colour,  inclining  to  red,  efpecially  on  its  outfide. 
It  is  very  brittle,  and  its  fradure  fhows  it  to  confiil  of 
facets,  by  which  it  may  be  diftinguifhed  from  cobalt. 
M.  Arvidfibn,  who,  in  conjun£tion  with  Bergman, 
publifhed  a  thefis  on  the  properties  of  nickel,  which 
has  been  tranflated,  and  inferted  in  the  'Journal  de  Pby^ 
Jique  for  Odober  1776,  obferves,  that  nickel  obtained 
by  the  roafting  and  fiifion  of  its  ores,  as  Cronftedt  di- 
reded,  is  fo  far  from  being  pure,  that  it  contains  fuU 
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phur,  arfenic,  cobalt,  and  iron.  As  Bergman,  by  a 
number  of  ingenious  procefles,  feparated  moft  of  thefc 
extraneous  matters,  and  obtained  a  fpecies  of  nickel 
differing  in  many  of  its  properties  from  that  defcribcd 
by  Cronftedt,  we  fhali  fpeak  of  it  as  the  pure  metd, 
after  giving  the  hiftory  of  its  ores. 

Nickel  is  found  in  combination  with  fulphur  anJ 
arfenic.  Its  ores  are  red-coloured  like  copper :  thq 
are  almoft  always  covered  with  a  greenifli  grey  effio- 
refcence :  the  Germans  call  it  kupfer  nickel^  or  faljt 
copper.  That  mineral  abounds  at  Freyberg  in  Sax- 
ony; and  is  generally  mixed  with  grey  cobalt  ore; 
but  its  red  colour  and  greenifh  efflorefcence  diftin. 
guifli  it  from  this  ore,  which  is  grey  or  black,  with  a 
red  efflorefcence :  its  cryftals  are  often  cubic.  Walk- 
rius  calls  kupfer-nickel,  cobalt  ore  of  a  red  copper  co- 
lour:  he  thinks  it  to  be  a  compound  of  cobalt  with  iron 
and  arfenic.  Linnaeus  takes  it  to  be  copper  mineralized 
by  arfenic.  M.  Rome  de  Lille  follows  Wallerius  in  rank- 
ing it  among  cobalt  ores,  and  confiders  it  as  an  alloy- 
ed cobalt.  M.  Sage,  treating  of  this  ore  with  ammo- 
niacal  muriate,  obtained  from  it  iron,  copper,  and  co- 
balt. He  thinks  it  to  be  a  mixture  of  thefe  three  me- 
tallic matters  with  arfenic.  A  little  gold  is  alfo  found 
in  it  according  to  this  chemift.  It  is  proper  to  obferve, 
that  the  refults  of  this  gentleman's  experiments  on  it 
were  different  from  thofe  obtained  by  Bergman.  His 
experiments,  he  tells  us,  were  performed  on  the  kup- 
fer-nickels  from  Biber  in  Heffe  and  Allemont  in  Dae* 
phiny. 

Cronftedt  aflerts,  that  nickel  may  be  feparated  from 
the  metallic  matter  to  which  the  Germans  give  the 
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name  oi  fpeifsj  and  which  is  gathered  in  the  crucibles 
in  which  fmalt  is  melted.  M.  Monnet  thinks  that  the 
f^K-ifs  manufactured  at  Gengenback,  about  fourteen 
leagues  from  Strafburgh,  is  genuine  nickel.  And  as  the 
cobalt  ore  is  ufed  at  that  place  in  making  finalt  is  very 
pure,  he  concludes,  that  the  nickel  is  produced  by  the 
cobalt  itfelf,  as  we  fhall  afterwards  fee.  But  M. 
Baume  obtained  nickel  from  alnioft  all  the  various  ores 
of  cobalt  by  means  of  alkaline  fulphure.  It  appears, 
therefore,  that  the  cobalt  ore  ufed  at  Gengenback,  con- 
tains a  portion  of  nickel  which  is  imperceptible  to  the 
eye,  on  account  of  its  being  fo  intimately  united  with 
the  cobalt. 

In  order  to  extract  nickel  R  om  its  ore,  it  is  firft  flow- 
ly  roafted,  to  drive  OiT  part  of  the  fulphur  and  arfenic 
which  it  contains.  It  is  gradually  changed  into  a  green- 
iih  oxiJ.c  ;  and,  according  to  Bergman  and  Arvidffon, 
the  greener  this  oxide,  fo  much  the  more  nickel  does 
it  contain.  It  is  next  melted  with  three  parts  of  black 
liux  and  muriate  of  foda ;  and  this  fufed  matter  affords 
a  rcgulus,  fuch  as  that  which  Cronftedt  has  defcribed, 
but  which  is  far  fro*Ti  being  pure  nickel :  the  fccriae 
ere  brown  or  blue.  A  number  of  chemifl?,  fr.ice  Mr 
Arvidffon*s  experiments  were  communicated  to  the 
world,  have  been  induced  to  conflder  this  metal- 
lic fubflancc  as  a  natural  mixture  of  iron,  c^/ualt,  and 
:irre!iic.  As  to  corocr,  n-.^'^^Kly  but  M.  S.:  c  has  cb- 
t  .::icd  ;iny  of  it  from  l.uplcriuf.kel.  M.  Monnet  thinks 
j\:.t  nickel  is  noiliiiig  l>ut  cobalt  purlHcd  cf  i:s  iron 
LiiJ  arfenic.  By  exaniiniiv.^  the  propjrlies  of  this  femi- 
I'leial,  we  fliall  underRanJ  the  facis  on  which  thefe  fe- 
Av.ral  opinions  arc  fcurJ.J.     \'.'e  iigrte  with  Bergman 
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in  thinking,  that  what  has  occaiioned  the  miftakes  of 
chemifts  concerning  this  fubftance,  is  the  extreme  diffi- 
culty of  obtaining  nickel,  in  a  ftate  of  great  purity  ;  2 
fad  which  is  fully  proved  in  the  above-mentioned  dit 
fertation  of  M.  Arvidflbn.  It  is  certain,  that  when  re- 
fined to  as  pure  a  ftate  as  poffible,  it  exhibits  fome  very 
lingular  properties ;  and  that  hitherto  it  has  neither 
been  feparated  into  feverai  metallic  fubftances  by  ana- 
lyfis,  nor  formed  by  the  combination  of  thofe  metal? 
of  which  it  has  been  thought  to  confift  ;  and  therefore 
we  have  the  greatefl  reafon  to  confider  it  as  a  peculiar 
femi-metal,  at  leaft  till  fome  farther  experiments  con- 
vince us  of  the  contrary. 

The  femi-metal  which  we  obtain  by  fimply  fufing 
roafled  kupfer-nickel,  has  reddifli  white  facets,  and 
is  very  brittle.  It  contains  a  great  deal  of  arfenic,  co- 
balt, and  iron.  M.  Arvidffon  fubjeded  it  to  fix  fuc- 
ceflive  calcinations  ;  each  of  which  continued  from  fii 
to  fourteen  hours.  After  each  of  thefe  procefTes,  he  re- 
duced the  femi-metal.  He  obferved,  that  when  calci- 
ned, arfenical  vapours,  and  a  white  vapour  not  having 
the  fame  fmell,  were  exhaled  from  the  matter  in  cai- 
cination,  a  mixture,  of  charcoal  reduced  to  powder 
facilitates  the  volatilization  of  the  arfenic.  The  nickel, 
though  its  weight  was  much  diminifhed  by  thofe  fii 
calciriations,  ftill  fmelled  of  arfenic,  and  continued  to  bt 
attraflied  by  the  magnet.  He  afterwards  melted  it  fix 
times  with  lime  and  borax,  and  calcined  it  a  feventh 
time,  with  an  addition  of  charcoal,  till  fuch  time  as  it 
ceafed  to  exhale  arfenical  vapours.  This  oxide  V2i 
ferruginous,  and  clouded  with  green  fpots.  WTien  re- 
duced, it  afforded  martial  fcoriae,  and  a  metallic  but- 

too 
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ten  u*hich  was  ftlll  attrafted  by  the  loadftone.     The 
fame  procefles  on  a  variety  of  fpecimens  from  different 
countries  were  always  attended  with  the  fame  refults. 
M  Arvidffon  employed  fulphur,  fulphure  of  potafh, 
the  detonation  of  nitre,  as  well  as  folution  in  the  nitric 
acid  and  ammoniac,  with  a  view  to  feparate  the  iron 
from  nickel :  but  by  none  of  thcfe  means  could  he  ef- 
fect his  purpofe%     From  thefe  experiments  he  conclud- 
ed it  to  be  impoffible  to  obtain  this  femi- metal  in  a 
ftate  of  perfeft  purity ;  and  likewife,  that  the  only  way 
of  feparating  the  fulphur  is  by  repeated  calcination ; 
that  arfenic  adheres  to  it  more  obftinately  than  ful- 
phur ;  that  even  the  arfenic  however  may  be  entirely 
extrafted  from  it  by  the  ufe,  of  powder  of  charcoal  and 
nitre;   that  cobalt  is  dill  more  intimately  combined 
with  this  feipi-metal,  as  the  nitre  caufes  it  to  be  tai^en 
notice  of,  though  nothing  in  the  appearance  of  the 
matter  indicates  its  prefence  ;  and  that  it  is  impoffible 
to  free  nickel  entirely  from  a  mixture  of  iron :  for  after 
being  heated  in  all  the  above-mentioned  ways,  it  fome- 
times  attracts  the  loadftone  more  than  ever.     From  all 
thefe  f2L&Sj  M.  Arvidffon  has  been  induced  to  think, 
that  nickel  is  nothing  but  iron  in  a  peculiar  ftate ;  and 
he  gives  a  comparative  view  of  many  of  the  properties 
of  this  rfietal  with  thofe  of  cobalt,  iron,  and  the  load- 
ftone.   And  from  the  refembl^nce  which  prevails  among 
thefe  fubftances,  he  concludes  the  three  metallic  mat- 
ters to  he  nothing  bdt  different  modifications  of  iron. 
But  what  feems  to  have  chiefly  contributed  to  make 
\I.  Arvidffon  form  this  conclufion  concerning  nickel, 
s  its  magnetic  powers.     But  we  cannot  think  it  fair  to 
ronfound  together  fubftances,  on  account  merely  of  their 
VoJL.  II.  X  agreeing 
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agreeing  in  one  leading  property,  fuch  as  th» ;  for 
magnetic  powers  may  poffibly  not  be  peculiar  to  iron, 
but  common  to  it  with  other  metallic  fubftances.  I  am 
therefore  of  opinion,  that  though  nickel  be  liable  to  be 
attrafted  by  the  loadftone  ;  yqt  as  purified  by  M.  Ar- 
vidffon,  it  may  be  allowed  to  be  a  peculiar  femi-meuL 
For,  as  I  have  already  mentioned,  we  can  neither  ex- 
traft  from  it  any  other  metallic  fubftance,  nor  imitate 
its  compofition  by  any  mixture  of  metals :  and  befides, 
it  has  properties  peculiar  to  itfelf,  which  we  are  nowlo 
examine.  Mr  Kirwan  proceeds  upon  the  fame  idea  of 
it  in  his  Mineralogy. 

It  difplays  no  facets,  as  Cronftedt  has  aflerted ;  bo: 
its  fraclure  is  granulated  :  it  is  nine  times  as  heavy  ai 
water :  it  has  not  that  brittlenefs  which  Cronftedt  afoi- 
be^to  it ;  but,  on  the  contrary,  its  dudility  is  fo  coo* 
fiderable,  that  Bergman  was  in  doubt  whether  to  u^ 
it  among  the  femi-metals  or  among  the  metals.  It  i> 
little  eafier  to  melt  than  iron ;  it  is  very  fixed  in  itsca- 
ture.  When  heated  in'  the  air,  it  is  calcined  into^ 
green  oxide  ;  and  the  purer  the  nickel,  fo  much  tk 
deeper  is  the  colour  of  the  oxide.  We  know  not  whe- 
ther this  oxide  be  fufible  into  a  glafs.  It  is  redudble 
with  fluxes  and  combuftible  matters,  which  dccompcii 
it  as  well  as  every  other  .metallic  oxide>  .  We  are  eqaali 
ly  ignorant  of  the  eSefls  of  air  and  water  on  nicke* 
When  its  oxide  is  fufed  with  vitrifiable  matters  in  mak* 
ing  glafs,  it  communicates  .to  them  an  hyacinth  coloc: 
more  or  lefs  red.  The  manner  in  which  lime,  magne- 
fia,  and  the  three  pure  alkalis  a£l  on  nickel,  is  (Hll  un- 
known. 


Of  Nickel.  3*3 

M.  Sage  fays,  that  when  four  parts  of  concentrated 
fulphuric  acid  are  diftilled  on  one  of  regulus  of  kupfer- 
nickel  in  powder,  i{  is  converted  into  fulphureous  acid; 
the  refidue  is  greyifh  ;  and  when  diifolved  in  diftilled 
water,  it  becomes  of  a  beautiful  green  colour.  It  affords 
foliated  cryftals  of  an  emerald  colour*  According  to 
M.  ArvidflTon,  the  fulphuric  acid  forms  with  oxide  of 
nickel  a  green  fait,  in  decahaedral  cryftals ;  thcfe  confift 
of  two  quadrangular  pyramids,  joined  and  truncated 
near  the  bafe. 

This  oxide  diifolves  very  readily  in  the  nitric  acid. 
Nitrate  of  nickel  cryftallizes,  according  to  M.  Sage,  in* 
to  rhombqidal  cubes  ;  all  the  other  folutions  of  nickel 
or  its  oxide  in  the  muriatic  acid,  or  in  any  of  the  vege- 
table acids,  are  of  a  lighter  or  a  deeper  green.     The 
Axed  alkalis  fubfide  in  a  greenifli  white  precipitate  ;  af- 
ter which  t^ey  are  again  diifolved,  and  the  liquor  then 
becomes  yellowifli.     When  ammoniac  is  poured  into  a 
folution  of  nickel  in  nitric  acid,  the  mixture  afTumes  a 
beautiful  blue  colour.     The  fame  phsenomenon  takes 
place  when  this  fait  is  mixed  with  precipitates  of  the 
femi-metal  produced  by  the  fixed  alkalis.   .  As  folutions 
of  copper  exhibit  the  fame   colour  with  Ammoniac, 
Hhich  colour  is  even  confidered  as  a  fure  proof  of  the 
prefence  of  the  metal  wherever  it  appears,  it  has  been 
thought,  and  fome  peop^e  are  ftill  of  opinion,  that  nic- 
kel contains  a  portion  of  copper ;  Yet  C^nftedt  in  * 
vain  attempted  by  every  known  means  to  obtain  copper 
from  a  folution  of  nickel  to  which  ammoniac  had  com- 
municated a  blue  colour ;   befides,   the  fait  diilblves 
copper  inftantaneoufly,  but  not  nickel.     From  this  cir- 
cumftance  Bergman  concludes,  that  this  is  an  original 
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property  of  nickel,  and  not  owing  to  copper  ictermkeil 
with  it.  This  chemift,  after  keeping  nickel  for  eigit 
days  in  aerated  water,  could  not  perceive  any  prcyofid 
its  being  foluble  by  the  carbonic  acid. 

Nickel  detoni^es  with  ni  tre.  This  detonation  enabled 
M.  Arvidffon  to  diftinguifh  the  cobalt  intermixd  with 
this  femi- metal,  which  would  ptherwife  have  efcapd 
his  obferration.  After  detonatiori,  the  nickel  is  moreor 
lefs  oxidated,  according  as  a  greater  or  a  lefs  quanti^ 

» 

of  nitre  was  employed  on  the  occafion.  This  neutrJ 
fait  likewife  enables  oxide  of  nickel  to  communicate  a 
deeper  hyacinth  colour  to  glaffes;  andcaufes  theglafib 
impregnated  with  that  oxide  to  refume  their  colour 
after  being  deprived  of  it  byifufion:  a  circumftancf 
tvhich  happens  often  enough  not  only  to  oxide  of  nic- 
kel, but  likewife  to  that  of  the  femi-metal,  which  we 
are  next  to  examine. 

When  oxide  of  nickel  is  melted  with  borax,  it  com- 
municates to  it  alfo  an  hyacinthine  colour. 

It  partly  decompofes  ammoniacal  muriate.  The  res- 
fon  of  M.  Sage's  obtaining  a  ferrugineous  fublimate  ia 
this  experiment,  muft  have  bqen  his  having  emplorcu 
a  regulus  not  fo  pure  as  that  which  M.  Arvidffon  maJ: 
ufe  of.  For  M.  Arvidffon  afferts,  that  the  fubliniarc 
of  ammoniacal  muriate,  produced  by  this  metal,  ^ 
white  ;  and  when  tried  with  nut-galls,  afforded  no  evi- 
dence of  its  containing  iron.  A  little  ammoniac  anil 
a  little  muriatic  agid  paffes  off:  the  refidue,  when  rt- 
duced,  proves  to  be  nickel,  which  is  found  to  have  Ic- 
fomewhat  of  its  magnetic  power. 

We  know  not  in  what  manner  hydrogenous  gas  aft> 
Upon  nickql. 
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ll)i»  femi-meCal  readily  combines  with  fulphur  by 
fufion.  It  then  forms  a  kind  of  hard  mineral,  of  a  yel- 
low colour,  with  fmall  fparkling  facets.  When  expofed 
to  a  ftrong  heat  in  the  air,  it  crackles  and  fcatters  a- 
round  luminous  fparks,  like  thofe  which  fly  from  red 
iron  hammered  in  the  forge.  Cronftcdt,  to  whom  we 
owe  this  faA,  did  not  purfue  the  experiment  far  enough : 
Onlf  he  obferved,  that  this  phenomenon  cannot  take 
place  if  the  mineral  be  covered  with  melted  glafi^  fo  as 
to  feclude  it  from  the  conta^  of  air;  from  which  it  ap- 
pears that  this  efied  is  owing  to  the  rapid  combuftion 
of  the  nickel  occafioned  by  the  fulphur.  The  fame 
cbemift  informs  us,  that  this  femi-metal  is  foluble  in 
alkaline  fulphures,  producing  a  compound  fimilar  to 
V'cllow  copper  ore.  A  feries  of  fiifions  and  calcinations 
are  requifite  to  feparate  nickel  from  fulphur. 

Nickel  combines  with  arfenic,  and  adheres  to  it  with 
;reat  obftinacy.  M.  Monnet,  who  at  firft  followed 
Cronftedt  in  thinking  nickel  a  peculiar  femi-metal,  on 
^bferving  that,  when  unked  with  arfenic,  it  forms  a 
>lue  glafs  like  that  of  cobalt,  concluded  nickel  to  be 
lothing  but  cobalt  purified  from  alLmixture  of  arfenic 
tnd  iron.  Of  confequence,  M.  Monnet  muft  ccaifider 
robalt  as  well  as  nickel  to  be  a  mixture,  not  a  peculiar 
netal.  Bergman  thinks  the  reafon  of  nickel  afibrding 
I  blue  colour  with  the  help  of  arfenic  to  be,  that  the 
robalt,  of  which  nickel  always  contains  a  portion,  though 
he  nickel  be  fo  predominant  in  the  mixture  as  to  ren- 
ler  the  cobalt  imperceptible,  is  oxidated  and  feparated 
)y  the  arfenic  applied,  and  then  begins  to  difplay  its 
>roperties,  and  more  efpecially  that  one  by  which  it  is 
ufible  into  a  blue  glafs.     We  have  already  fhown,  that 
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repeated  calcination  with  powdered  charcoal  is  require 

to  eflfed  an  entire  reparation  between  nickel  and  ar- 

fenic. 

Nickel  combines  ftill  more  intimately  with  cobal: 

than  with  arfenic  ;  it  is  exceedingly  difficult  to  fqa- 
rate  thefe  two  fubftances.  Cobalt  often  exifts  in  com- 
bination with  nickel,  without  affording  any  indication 
of  its  prbfence  :  the^  only  fubftances  that  can  deted  it 
by  fufion  are  hitre,  borax,  and  arfenic. 

Cronftedt  tells  us,  that  nickel  forms  with  biimuth  i 
brittle  fcaly  regulus.  Thefe  two  femi-metallic  matten 
may  be  feparated,  imperfe£tly  indeed,  by  folution  in 
the  nitric  acid,  in  confequence  of  nitrate  of  bifmuth 
poffeffing  the  property,  which  we  have  taken  notice  of, 
of  being  decompofable  by  water.  ^ 

Nickel  has  not  hitherto  been  applied  to  any  ufe. 
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A  Mineral  of  a  dark  grey  colour,  which  foils  the 
fingers,  and  is.  nfed  in  glafs-works  for  colouf- 
ing  or  whitening  the  glafs,  has  long  been  known  under 
the  name  oi  bta^k  ma^ejia  or  manganefe.  From  its 
property  of  ading  in  this  manner  on  glafs,  the  glafs- 
makers  who  ufe  it  call  it  glafsfoap.  It  was  once  con- 
fidered  by  mo(t  naturalifls  as  a  poor  iron  ore,  both 
on  account  of  its  colour,  and  becaufe  its  furface  is  ge- 
nerally coated  with  a  ferruginous  earth.  ^  Pott  and 
Cronftedt,  on  making  an  accurate  analyfis  of  this  fub- 
ftance,  determined  it  not  to  be  of  a  ferruginous  nature. 
Cronftedt  found  it  to  contain  a  little  tin.  M.  Sage 
reckons  it  a  zinc  ore,  and  thinks  it  to  be  formed  by 
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the  combination  of  zinc  and  cobalt  with  the  muriatic 
acid.  He  adds,  from  his  own  obfervation,  that  it  is 
fomeiiines  found  to  contain  iron  or  lead. 

The  gravity  of  this  mineral,  its  property  of  ftainlnj 
glafs,  aiid  that  which  it  pofTeiTes  of  giving  a  whiti& 
precipitate  when  any  alkaline  prufliate  is  poured  upon 
any  folution  of  it,  led  Bergman  to  fufped,  as  be  in- 
forms us  in  the  laft  paragraph  of  his  DifTertation  oq 
Elefiive  Attractions,  that  it  contained  a  peculiar  me- 
tallic fubftance.  His  fufpicions  have  been  fully  con- 
firmed by  the  experiments  of  M.  Gahn,  Doctor  of  me» 
dicine,  who  was  one  of  his  pupils,  and  who,  in  con- 
junftion  with  Scheele,  difcovered  the  phofphoric  acid 
in  bones.  Thati  phyfician  was  the  firfl  who  obtained 
regulus  of  manganefe  ;  very  probably  by  treating  the 
mineral  with  a  reducing  flux.  No  doubt,  a  very  in- 
tenfe  heat  muft  be  neceflary  for  fuch  an  operation ; 
for  I  once  faw  M.  Brongniart,  a  very  dextrous  arJ 
experienced  chemift,  make  an  ineflfedual  attempt  to 
reduce  this  mineral  to  a  metallic  button  in  a  furnice 
in  which  it  was  expofed  to  a  very  (Irong  heat.  1  ha>e 
been  afTured,  that  this  has  been  eflftfted  in  Paris  br 
means  of  M.  Morvcau's  flax,  with  which  he  obtained 
iron  in  a  button  of  thoroughly  melted  metal.  But  M. 
de  la  Pcyroufe  is  of  opinion,  and  I  cannot  hdp  agree- 
ing  With  him,  that  the  flux  is  of  no  advantage,  but  ra- 
ther hurtful  in  this  operation.  I  have  tried  this  reduc- 
tion in  a  very  good  furnace,  conftruded  in  the  labora- 
tory of  the  Veterinarian  fchool  at  Alfort.  I  have  ne- 
ver yet  obtained  a  well-formed  button  ;  but  I  have  ob- 
tained a  confidcrable  quantity  of  grains,  two  or  three 
lines  in  diameter.     I  repeatedly  employed  fixed  aliaii 

and 
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and  borax  wiihoat  effed.  Each  of  the  metallic  grains 
uhich  I  obtained  in  my  feveral  operations  was  in- 
dofed  in  a  kind  of  glafs  or  vitreous  frit  of  a  deep  green 
colour. 

On  our  principles,  this  matter  is  to  be  regarded  fts  a 
peculiar  femi-metal,  as  it  cannot  be  analyied,  and  as, 
befides,  it  difplays  properties '  whieh  belong  to  no  o* 
ther  metallic  fubftance.  To  render  our  nomencla- 
ture uniform,  we  (hall  call  this  fubftance  manganefe. 

This  femi^metal  is  at  preient  much  better  known 
than  formerly,  having  been  fo  painfully  examined  bj 
Bergman,  Scheele,  Gahn,  Rinman,  d'Engeftroem^  life- 
man,  and  de  la  Peyroufe.  Whatever  1  (hall  advance 
concerning  it,  ijiall  be  founded  pither  on  the  experi- 
ments, of  thefe  chemifts  or  on  my  own.  I  muft  firft 
obferve,  that  as  it  is  fo  very  difficult  to  extrad  the  pure 
femi-metal  from  the  ores  of  manganefe,  the  properties 
of  the  oxide  are  therefore  much  better  known  than 
thofie  of  the  pure  metallic  fubftance.  Scheele,  one  of 
the  mod  ikilful  chemifts  of  the  prefent  age,  appears 
to  have  been  imable  to  reduce  this  fubftance ;  for  he 
defcribes  none  of  the  properties  which  it  poffefles  in  its 
metallic  ftate. 

Ores  of  manganefcf  are  diftinguifhed  by  their  form, 
and  by  their  colour,  which  is  grey,  brown,  or  black, 
and  more  or  lefs  brilliant.  There  are  a  great  many 
varieties  of  this  ore* 

I.  Ore  of  manganiefe,  cryftallized  into  prifms,  tetra- 
hsedral,  rhomboidal,  or  ftriated  according  to  their  lengfh, 
and  feparate  from  one  another. 

2«  Ore  of  manganefe,  cryftallized  in  prifms  bundled 
together. 

3.  Ore 
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3.  Ore  of  manganefe^ .  cryftallized  in  fmali  needles, 
difpafed  in  the  form  of  ilars. 

4*  Ore  of  manganefe,  in  a  black  friable  efflorefcence; 
which  foils  the  fingers  like  foot. 

5.  Velvet  ore  of  manganefe.  This  is  an  efflorefcence 
in  very  fmall  needles,  of  a  beautiful  black  colour,  r^ 
iembling  black  velvet. 

6.  Compad  fhapelefs  ore  of  manganefe  ;  of  a  blad 
grey  colour,  generally  with  cavities,  but  very  poide- 
rous.  It  foils  the  fingers,  and  is  fometimes  found  to 
contain  brilliant  needles.  The  Perigueux  flone  beloBgs 
to  this  variety. 

7.  Sparry  manganefe,  found  in  the  iron  mines  of 
Klapperud,  at  Fre&o  ip  Dahlland,  and  defcribed  by 
M.  Rinman. 

8.  Native  manganefe  in  metallic  globules,  found  at 
Sem  in  the  county  of  Foix  by  M.  de  la  Peyroufe. 
That  naturalift  has  defcribed  a  great  many  varieties 
of  manganefe  ore  which  he  found  in  the  fame  place, 
in  the  Journal  de  Phjftque  for^  January  \j^o^ 

Scheele  difcovered  oxide  of  manganefe  in  vegetable 
a/hes  ;  and  he  thinks  it  owing  to  this  fubftance,  that 
fixed  alkali,  when  calcined,  often  aifumes  a  green  or 
blue  colour.  The  green  colour  which  potafh  takes 
when  treated  with  lime,  and  the  rofe  colour  which  I 
have  often  obferved  in  its  combination  with  acids,  are, 
in  his  opinion,  owing  to  the  metallic  oxide.  All  coal> 
contain  a  fmalKportion  of  it. 

The  fradure  of  pure  manganefe  is  of  a  fparkling 
white  colour ;  its  texture  is  granulated  like  that  of  co- 
balt. It  is  hard,  and  breaks  into  pieces,  after  yield- 
ing a  little  to  the  hammer.    It  is  more  difficult  to 
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melt  than  iron ;  a  drcumftance  i|hich  made  Bergman 
at  firft  conjeffcure  it  to  have  fome  relation  to  pla- 
tina. 

When  manganefe  is  heated  in  the  air,  it  is  changed 
into  an  oxide,  which  is  at  firft  whitifh,  but  becomes 

« 

gradually  blackifh  as  it  is  more  and  more  cakined.  I 
have  obferved,  that  the  fmall  grains  of  manganefe 
obtained  by  the  procefs  above-mentioned,  are  very 
foon  altered  by  the  contaft  of  air }  they  are  inftantly 
tarniflied,  and  afTume  by  and  by  a  black  or  violet  co- 
lour ;  foon  after  they  fall  down  into  a  black  duft  re« 
fembling  native  oxide  of  manganefe. 

This  rapid  oxidation  of  regulus  of  manganefe  by 
the  conta£l  of  air  has  always  appeared  to  me  a  very  cu- 
rious and  flngular  fad.  The  globules  of  this  metal 
arl;  hard,  brilliant,  and  very  refraftory,  and  they  may 
be  long  preferved  in^a  well  ftopped  flaik,  provided  their 
furface  be  unbroken,  and  covered  with  a  thin  cruft  of 
oxide  formed  during  the  fiifion  of  the  femi-metal :  but 
if  one  of  thefe  globules  be  broken  into  three  or  four 
pieces,  and  their  fradures  expofed  to  the  air,  you  in 
a  few  minutes  fee  their  colour  change  from  a  white 
to  a  purple,  a  violet,  or  a  rofe  colour ;  and  at  laft  al- 
moft  to  a  brown.  If  thefe  fragments  be  left  in  a  phial 
containing  a  certain  quantity  of  air,  and  gently  fhaken 
from  time  to  time,  at  the  end  of  a  few  months  they 
will  be  found  reduced  to  a  powder  almoft  entirely 
black.  This  is  a  kind  of  metallic  pulverization  or  ef- 
florefcence,  fimilar  to  that  of  faline  or  pyritous  fub- 
ftances.  It  proves  the  exiftence  of  a  ftrong  mutual  at- 
traftion  between  manganefe  and  the  oxigene  of  the  at- 

mofphere, 
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mofphere,  and  iliews  t|ie  eagernefs  wixh  which  thefe  two 
fubflances  tend  to  unite. 

The  aftion  of  nianganefe  on  earths  and  falino-ter- 
rene  fubfianccs  has  not  been  examined.  The  oxide 
'of  this  femi-metul  communicates  a  brown  or  violet co- 
Ir-ur  to,glaf8  ;  which  colour  is  fufceptible  of  many  mo- 
ciifications,  and  may  be  cafily  dedroyed  by  the  adlian 
of  combufUble  matters.  Nitre  reftores  this  brown  or 
violet  colour  by  fupplying  the  mangancfe  with  a  ufiw 
qwiantity  of  oxigerte.  This  is  the  reafon  why  the  nia* 
trafie6  and  retorts  of  white  glafs  which  wc  ufe  in  our 
laboratories,  in  extra£ling  vital  air  from  nitre,  always 
acquire  a  brown  or  violet  colour.  Scheele  has  made  a 
^reat  many  ingenious  experiments  on  this  colouring  of 
glafs  by  oxide  of  manga'nefe. 

We  know  not  well  in  what  manner  the  alkalis  ad 
,  upon  mangan^fe ;  but  we  know  that  the  oxide  of  this 
jemi-tnetal  combines  with  ammoniac,  'knd  is  reduced  by 
it*  Bergman  obfervcs,  that  a  peculiar  gas  is  difenga*^ 
ged  on  this  occafion,  which  he  thinks  to  be  one  of  the 
principles  of  ammoniac,  but  lays  nothing  farther  con- 
ceining  it.  M.  Benhjollet  has  difcovcred  that  it  is  ga« 
azote,  and  the  hydrogene  of  the  ammoniac  enters  into 
comblnatlDn  with  the  oxigene,  which  it  carries  off  from 
the  nianganefe,  thus  reducing  it  to  a  white  femi-metal. 
Scheele  has  given  the  name  of  cameleon  mineral  to  a 
combination  of  porafh  with  oxide  of  nianganefe,  which 
in  warm  water  takes  a  beautiful  green,  and  in  cold  wa* 
tcr  a  red  colour.  Oxigene  and  caloric  feem  to  be  the 
chief  caufcs  of  thefe  pha:nomeqa.  Perhaps  azote, 
which  I  confider  as  the  alkalifying,  or  alkaligenous  prin- 
ciple, is  difcngagf  d  from  the  potafli  in  this  operation  ; 

and 
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and  is  In  part  the  caufe  of  thefe  (ingular  modifications 
of  colour. 

The  fulphuric  acid  is  decompofed  by  manganefe, 
but  difTolves  its  oxide.  This  folunon  is  coloured  and 
lofes  its  colour  on  the  addition  of  a  combuilible  matter, 
fuch  as  fugaror  honey;  it  rJordsa  tranfparent fulphatc 
of  mangancfe,  of  which  the  cryftals  are  parallelopiped*. 
Thi:*  is  decompofed  by  fire ;  and  it  then  affords  viral 
air.  The  alkalis  feparate  from  it  an  oxide  of  manga^ 
nefe,  which  acquires  a  beautiful  colour  on  being  expo- 
fed  to  the  air. 

The  nitric  acid  difTolves  this  femi-metal,  giving  out 
at  the  time  red  vapours.  Its  oxide  fufiers  no  injury 
from  the  attacks  of  thi«  acid,  unlefs  the  acid  be  red, 
or  fome  combuftible  body,  fuch  as  honey  or  fugar,  be 
added.  The  alkalis  caufe  thefe  foiutions  to  yield  a 
white  precipitate,  foluble  in  acids ;  which  w^en  heat<- 
ed  becomes  black,  and  is  more  completely  oxidated. 
Bergman  thinks  manganefe  to  be  one  of  thofe  metal- 
lic fubftances  which  have  the  moft^ifGnity  with  falts;  for 
in  his  table  of'  chemical  attractions,  he  places  it  near 
the  top  of  thofe  columns  which  exhibit  the  feveral  af- 
finities of  the  adds  with  the  various  fubdances  with 
which  they  have  a  tendency  to  combine. 

The  muriatic,  acid  alfo  difTolves  manganefe ;  and 
when  it  effefts  this  folution  cold,  the  fcmi-metal  com- 
municates  to  it  a  deep  brown  colour  ;  when  the  folu- 
tion is  heated,  it  lofes  its  colour.  Water  precipitates 
it,  and  alkalis  decompofe  it. 

We  have  feen  under  the  hiftory  of  that  acid,  that 
when  it  is  dlfiilled  on  the  oxide  of  this  fcmi-metal, 
the  oxide  becomes  black,  and  returns  nearly  to  the 

metallic 
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metallic  flate,  by  giving  up  part  of  its  oxigene  to 
the  muriatic  acid,  which  goes  off  in  the  fwrn  of  oxi- 
genated  muriatic  acid  gas.  This  acid  has  a  greater 
affinity  than  the  fulphuric  acid  with  manganefe  \  for 
when  a  fulphuric  folution  of  the  femi-metal  is  poured 
into  a  quantity  of  muriatic  acid,  a  precipitate  is  form- 
ed, which  Bergman,  from  its  property  of  being  folublc 
in  alcohol,  has  decided  to  be  muriate  of  manganefe; 
as  that  property  is  known  not  to  belong  to  folphate  of 
the  lame  femi-metal. 

The  fluoric  acid  diffolves  but  very  little  of  oxide  of 
manganefe.  The  beft  way  of  combining  thefc  tvo 
fubflances  is,  according  to  Scheele,  to  decompofe  ful- 
phate,  nitrate,  or  muriate  of  manganefe  by  ammotiia- 
cal  fluate. 

The  carbonic  acid  diffolves  a  fmall  quantity  of  man- 
ganefe by  digeflion,  with  coid  ;  potaih,  with  accefs  of 
air,  precipitates  the  metallic  oxide. 

Scheele  has  examined  the  adion  of-  nitre,  borax, 
and  ammoniacal  muriate  on  oxide  of  manganefe. 
With  the  aid  of  heat,  the  ox;ide  difengages  the  acid 
from  nitre :  With  potafh  it  forms  a  deep  green 
mafs,  which  is  foluble  in  water,  and  communicafei 
its  own  colour  to'  the  water  in  wIiicK  it  is  diffolved. 
This  green  colour  is  owing  to  the  iron  contained  in 
the  manganefe ;  as  the  iron  is  precipitated,  the  folu- 
tion becomes  blue.  Water  and  acids  precipitate  thii 
alkaline  folution.  This  is  Scheele's  cameleon  miners! 
above  mentioned. 

When  nitrate  of  potafh  is  heated  in  glafs  veflcl< 
impregnated  with  manganefe,  it  communicates  to  the 
glafs  a  violet  colour  j  and  the  more  the  oxide  is  cal- 
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dned,  fo  much  the  deeper  is  the  colour  which  the 
^lafs  acquires. 

When  borax  is  melted  with  oxide  of  manganefe,  it 
acquires  a  brown  or  violet  colour. 

Ammoniacal  muriate  gives,  on  being  diftilled  with 
this  metallic  oxide,  pure  ammoniac ;  and  the  ammo- 
niac is  in  part  decompofed.     Scheele,  who  firft  ob- 
ferved  this  fad,  informs  us,  that  an  elaflic  fluid  is  at 
the  fame  time  difengaged,  which  he  confiders  as  one ' 
of  tfle  principles  of  ammoniac  ;  but  he  has  not  deter* 
mined  the  nature  of  that  fluid ;  and  M.  Berthollet  has 
fmce  difcovered,  that  when  ammoniac  is  decompofed 
by  a  metallic  oxide,  the  hydrogene,  which  is  one  of 
the  principles  of  that  fait,  unites  with  the  oxigene  of 
the  oxides  to  form  water ;  while  the  azote,  the  other 
principle  of  the  ammoniac,  pafles  into  an  aeriform 
or  gafeous  ftate,  by  entering  into  combination  with  ca^ ' 
loric. 

We  know  not  in  what  manner  hydrogene  and 
fulphur  a&  upon  manganefe  and  its  oxide.  Even 
the  white  oxide  of  arfenic  appears  to  be  capable  of 
depriving  this  acid  of  a  part  of  its  oxigene  ;  for  it  dif« 
colours  glalfes  which  have  been  ftained  brown  by  this 
fubilancjc 

To  thefe  properties  of  manganefe  Bergman  adds, 
that  it  can  never  be  entirely  puvified  from  iron ;  and 
therefore  this  new  femi-metal,  like  nickel,  is  un- 
known  as  it  exifts  in  a  ftate  of  purity.  Scheele,  who 
made  an  accurate  analyiis  of  natural  manganefe, 
found  it  to  contain  iron,  lime,  barytes,  and  a  little  fi- 
liceous  earth. 

Oxide 
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Oxide  of  manganefe  is  employed,  under  the  naire 
of  black  mapiefta^  in  glafs  works,  both  to  purify  white 
glafs  from  yellow,  green,  or  blue  ftains,  and  to  give  it 
a  violet  colour.  Probably  this  phenomenon  is  owing  to 
the  a£tipn  of  the  oxigene  feparated  by  heat,  upon  fub- 
fiances  that  are  coloured. 

Native  oxide  of  manganefe  is  at  prefent  employed  in 
the  preparation  of  the  oxigenated  muriatic  acid,  a&d 
in  many  other  preparations. 

This  native  oxide,  ^  when  heated  by  itfelf  in  a  pneu- 
mato-chemical  machine,  affords  very  pure  vital  or  oxi- 
genous  gas.  This  is  the  only  vital  air  proper  for  being 
adminiftered  to  fick  perfons,  in  the  oafes  in  which  vital 
air  is  confidered  as  a  remedy. 

The  affinity  of  manganefe  with  the  principle  of  com- 
buftion,  is  a  fad  which  in  many  inftances  ferves  to  di- 
rect the  operations  of  modern  chenrifts. 
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Of  Antimony.^ 


AUTiMO'SYjJiibium,  is  a  brittle  and  ponderous  kmu 
metal  of  a  fparkling  white  colour,  and  bearing  a 
ilrong  refemblance  to  tin  or  filver.  It  appears  to  confift 
of  lamins  arranged  one  over  another,  and  its  furface 
txhibits  a  kind  of  cryflals  in  the  form  of  ilars  or  fern 
leaves.  It  likewife  appears  in  trihedral  pyramids,  con- 
fiding of  figures  like  hoppers,  (landing  on  their  angles 
one  above  another;  thcfe  hoppers  appear  to  refult  from 
the  accumulation  of  quadrangular  or  odohaedral  pyra* 
Riids.  In  water  this  femi-mctal  lofes  one  feventh  of 
its  weight :  it  is  cafily  reducible  to  powder.  It  ads  in 
I  very  fenfible  manner  on  the  flomach  ;  for  it  is  both 
emetic  and  purgative. 
Vol.  U.  Y  Native 
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Native  antimony  is  rarely  to  be  met  with :  it  ha 
been  difcovered  by  M.  Anthony  Schwap  at  Sahlberg 
in  Sweden.  M.  Schreiber,  diredor  of  the  mines  d 
AUemont  in  Dauphiny^  has  found  native  antimony  in 
thofe  mines.  This  qative  antimony  is  in  large  plates, 
and  difplays  all  the  properties  of  that  which  is  extract- 
ed from  ore  ;  only  it  contains  one  or  two  Jiundredtb 
jparts  of  arfenic. 

M.  Mongez  the  younger  has  difcovered  a  native  ox- 
ide of  antimony  in  fine  white  needles,  intermixed  with 
antimony,  or  bundled  together  like  zeolite.  He  found 
this  oxide  on  the  native  antimony  of  Chalanges  mDau- 
phiny.  . 

This  femi-metal  is  generally  combined  with  fulphor, 
and  it  then  forms  what  has  been  improperly  called  aA* 
timony,  but  is  in  propriety  of  language  an  ore  or  ful- 
phure  of  antimony.  Thh  mineral  is  of  a  blackilh  grej 
colour,  in  plates  or  needles  of  various  fizes,  friable, 
and  either  Scattered  about  fingly  or  joined  together  is 
fome  forn>.  It  is  fometimes  mixed  with  other  metals; 
and  of  thefe  moft  frequently  with  lead  or  iron,  b 
abounds  in  Hungary  and  in  France  in  the  provinca 
of  Bourbon,  Auvergne,  and  Paitou.  Naturaiiils  haw 
diftisgui&ed  this  ore  into  a  great  many  varieties,  ac- 
cording as  its  filaments  are  itellated,  irregular,  parallel; 
chatoyant y  &c.  When  it  is  mixed  with  a  portion  cJ 
arfenic,  or  has  been  altered  by  the  vapours  of  alkaOn: 
or  combuftible  matters,  it  appears  in  needles  of  a  deep 
red  colour,  bearing  a  confiderable  refemblance  li? 
beautiful  cobalt  flowers,  but  rather  more  opaqu- 
We  may  now  confider  the  feveral  varieties  of  thi^ 
ore. 

VariccicJ. 
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Varieties. 

I.  Solphure  of  antimony,  cryftillized  in  hexahae- 
dral  prifms,  terminating  in  tetrahaedral  pyra- 
mids, obtufe  and  folitary. 

a.  Sulphure  of  antimony  in  (Irias,  or  confiding  of 
large  ill-fliaped  needles,  lying  together  in  ir- 
regular bundles* 

3.  Sulphure  of  antimony  in  ftellated  ftriae.     Its 

needles  are  divergent  from  a  common  cent- 
er. 

4.  Lamellated  fulphure  of  antimony ;  it  confifts 

of  plates  of  various  (izes,  refembling  the  lead 
ore  known  by  the  name  o(  galena^  This  va- 
riety is  fometimes  fparkling:  when  it  has  this 
property  it  is  called  fpecular  antimony. 

5.  Red  fulphure  of  antimony.     This  is  a  granu- 

lous  efflorelcence  on  the  furface  of  needles 

of  antimony :   it  is  fometimes   cryftallized 

in  red  prifms  or  needles,  the  colour  of  which 

varies    in    deepnefs    and    brightnefs.       In 

this  ftate  fome  naturalifts  call  fulphure  of 

antimony  native  kermes  or  native  golden  fuU 

phur. 

Formerly,  fulphure  of  antimony  was  not  treated  as 

an  ore  in  order  to  obtain  from  it  the  femi-metal :  it 

was  only  melted  to  feparate  the  gangue  and  any  other 

metallic  matters  which  might  adhere  to  it.     In  that 

operation   two   pots  are  employed ;   one  of  them  in 

which  the  qre  is  melted,  with  a  number  of  holes  in 

its  bottom ;  the  other  (landing  beneath  it  to  receive 

the  fulphure  of  antimony  a?  it  melts,  is  buried  in  the 

earth  \  a  fire  is  made  around  the  upper  pot ;  at  firfl  a 
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moderate  heat  is  applied,  becaufe  the  ore  Is  very  fufible, 
but  towards  the  end  of  the  operation  the  fire  is  increa- 
fed,  in  order  that  all  the  ore  contained  *in  the  mineral 
may  melt  and  run  off.  A  portion  of  the  other  metals 
and  particularly  of  the  iron  which  is  mixed  with  this 
ore,  runs  off  at  the  fame  time,  an,d  thefc  metals  form 
a  ftratum  of  fcoriae,  on-the  furface  of  the  fulphure  of 
.  antimony  in  the  inferior  pot.  Although  the  fulphure 
of  antimony  which  comes  from  Hungary  be  commonly 
reckoned  the  pureft,  yet  it  is  certain,  that  from  what- 
ever  place  tliis  mineral  come,  it  is  alv^ays  fufficiently 
pure  and  proper  for  the  purpofes  to  which  it  is  appUed, 
when  it  needles  are  regularly  formed,  and  unmixed 
with  fcoriae.  It  is  to  be  obferved,  however,  that  the 
fulphur  and  the  antimony  are  not  always  combined  in 
the  fame  proportion  in  this'  fulphure ;  and  of  confe- 
quence  it  becomes  neceflfary  to  examine  it,  whenever 
rt  is  meant  to  be  employed  in  the  preparation  of  medi- 
cines, as  it  is  much  to  be  wiflied  that  the  ftrength  of 
antimonial  preparations  were  uniformly  the  fame. 

Sulphure  of  antimony  melts  very  readily,  as  may  be 
obferved  in  the  procefs  by  which  it  is  feparated  from 
its  gangue.  If  urged  with  fire  after  being  melted  in 
open  veffels,  "it  lofes  its  fulphur,  which  goes  off  in  yel- 
low flowers ;  the  metallic  part  is  alfo  reduced  with 
great  eafe  to  an  oxide,  andf  it  then  flies  off  in  whirc 
vapours  ;  but  a  moderate  heat,  infufHcient  to  melt  ful- 
phure of  antimony,  volatilizes  the  fulphur  by  ^o^  de- 
grees ;  and  the  metal  then  vcombines  gradually  with 
the  pxigene  of  the  atmofphere,  forming  by  that  com- 
bination grey  oxide  of  antimony.  This  operation  can- 
not be  very  well  effedted  unlefs  the  fulphure,  be  fo 

much 
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xauch  divided  as  to  expofe  a  great  deal  of  furface  to 
the  atmofphere  :  it  is  therefore  for  this  purpofe  reduced 
to  powder,  and  expofed  to  a  flow  fire  on  a  varnifhed 
earthen  pan.  A  gentle  heat  mud  at  firft  be  applied,  on 
account  of  the  mineral  being  fo  fulible  \  but  as  the 
operation  advances  and  the  fulphur  goes  off,  the  anti-- 
mony  becomes  more  refradory,  and  the  fire  may  then 
be  increafedtili  it  redden  the  capfule  containing  the 
mineral.  The  operator  may  conclude  that  his  work' 
goes  fuccefdfully  on,  when  he  feels  no  other  fmell  but 
that  of  fulphur  exhaling  from  the  .roafted  mineral, 
and  obferves  that  it  does  not  form  into  clods ;  but 
when  the  fulphure  becomes  clotted,  and  the  fulphur 
is  decompofed  as  it  volatilizes  (which  is  indicated  by 
the  fuffocating  fmell  of  the  fulphureous  acid),  the  heat 
is  then  too  intcnfe^  and  ought  to  be  diminiihed. 

Though  fulphur  appears  not  to  be  very  clofely  com- 
bined with  antimony  in  its  ore,  yet  it  is  impoflible  to 
drive  it  entirely  off  by  roafting.  The  grey  oxide  of 
antimony  prepared  by  the  above  procefs  always  retains 
a  pretty  confiderable  quantity  of  fulphur,  even  though 
the  femi-metal  have  been  calcined  till  ic  loft  its  metal- 
lic properties. 

When  the  grey  oxide  of  antimony  is,  by  iifelf,  ur-  ' 
gcd  with  fire,  it  melts  into  a  glafs  of  a  reddifh  brown 
or  an  hyacinth  colour.  This  glafs  is  more  or  lefs  fu- 
fible,  and  more  or  lefs  tranfparent,  according  as  the 
mineral  from  which  it  is  formed  has  been  more  or  lefs 
calcined.  If  it  contain  but  a  little  fulphur  and  a 
great  deal  of  oxigene,  the  glafs  which  it  affords  is  tranf- 
parent and  fcarce  fufible  :  this  is  glafs  of  antimony^  pro- 
per^ fo  called,  or  vitreous  oxide  of  fulphurated  anti- 
'  Y  3  mony. 
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mony.  If  the  oxide  contain  a  large  proportion  of  ful 
phur,  and  be  lefs  remote  from  the  metallic  chancer,  it 
produces  a  glafs  which  is  more  fufible  and  opaque;  this 
glafs  is  called  liver  of  antimony^  becaufe  it  is  of  a  dark 
red  colour,  like  that  of  the  liver  of  animals.  When 
oxide  of  antimony  has  been  fo  completely  calcined  that 
it  will  fcarce  melt,  a  little  fulphur  or  fulphure  of  anti- 
mony caft  into  the  crucible  in  which  it  is  expofed  to 
heat,  will  caufe  it  lo  melt  in  an  inftant. 
.  When  grey  or  vitreous  oxide  of  antimony  is  hcateJ 
in  a  crucible,  with  an  equal  quantity  of  black  flux  and  a 
little  black  foap  or  oil,  it  is  reduced  to  pure  anti- 
mony. The  black  flux  ferves  two  purpofes  in  this  ope- 
ration :  the  alkali  which  it  contains  combines  with  the 
fulphur,  of  whidi  fire  alone  could  not  free  the  oxide, 
and  the  carbonaceous  matter  contributes  to  the  reduc- 
tion of  the  metallic  oxide.  Antimony  is  thus  prepareu 
in  the.  great  way  in  commerce  j  it  is  then  called  re^^ 
of  antimony.  The  feml-mjetal  is  mouKIed  into  flat  orbi- 
cular cakes,  which  exhibit  on  their  furface  a  cryftalB- 
zation  refembling  fern  leaves. 

Antimony  is  liable  to  no  alteration  from  the  contact 
of  light.  It  does  not  melt  till  it  be  red  hot ;  and  tfl 
being  expofeJ  to  an  intenfe  heat  in  clofe  veflels,  it  is  en- 
tirely volatilized  without  fuffering  decompofition.  t 
it  be  left  to  cool  flowly  after  being  melted,  and  th.' 
fluid  part  be  poured  off  after  the  furface  is  confolidafei 
what  remains  will  be  found  cryftallized  in  pyramiuf  cr 
hoppers,  as  we  have  mentioned  above. 

The  femi-metal,  when  melted  in  open  veffels,  isven 
quickly  oxidated.  A  thick  white  fmoke  rifes  fromi^ 
and  is  precipitated  at  the  furface  of  the  melted  metaf. 

Of 


Of  Antimony.    .  34^ 

or  £xes  on  the  lid  of  the  crucible  in  the  form  of  fmall 
white  needles :  this  is  a  fublimated  metallic  oxide 
which  has  been  improperly  called  ^/u^r^^tr^rj  of  re^ 
gulus  of  antimony  J  or  f now  of  antimony.  Jn  preparing 
a  certain  quantity  of  this  matter,  a  crucible  is  placed 
horizontally  in  a  furnace,  fo  Aat  its  rim  is  exactly  fit- 
ted to  the  mouth  of  the  furnace  to  which  it  js  luted 

ft 

with  clay.  The  antimony  is  put  into  this  crucible ; 
a  degree  of  heat  is  applied  fufficient  to  melt  the  femi- 
metal  and  raife  it  in  fmc^e ;  the  fmoke  is  received  into 
a  fecond  crucible  covering  the  firfl: ;  and  it  is  there 
condenfed  into  very  flender,  white,  and  brilliant  needles, 
which  appear  to  be  four-iided  prifm^ 

The  whi^e  fublimated  oxide  of  antimony,  not  only 
volatilizes  during  the  burning  of  the  femi-metal ;  but, 
when  urged  with  fire,  it  is  fublimated  even  by  itfelf. 
This  oxide  may  be  likewife  melted  into  an  orange-co- 
loured glafs :  this  glafs  is  p^ler  and  more  tranfparent 
than  that  which  is  formed  with  the  grey  fulphurated 
oxide  of  antimony  ;  but  it  is  alfo  much  more  difficult 
to  melt. 

Antimony  fuffers  no  alteration  from  combuRible  mat- 
ters, but  thejr  decompofe  the  oxide,  refloring  it  to  the 
ftate  of  regulus.  As  oxide  of  antimony  is  almod  al- 
ways very  completely  oxidated  or  highly  faturated  with 
oxigene,  it  is  exceedingly  difficult  to  make  it  repafs  in- 
to the  metallic  flate;  and  as  it  is  alfo  a  very  volatile  fub- 
ftance,  it  becomes  neceffary  to  perform  this  reduction 
in  clofe  vefTels.  The  white  fublimated  oxide  appears 
to  be  foluble  in  water,  and  to  have  acquired  by  fubli- 
ination  fome  faline  properties,  Rouelle  was  the  firfl 
^ho  made  this  obfervation  on  flowers  of  antimony. 

Y  4  Some 
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Some  other  metallic  oxides,  particularly  thofe  of  arfeaic, 
molybdena,  and  tungften,  become  faline  and  acid  vber. 
faturated  with  oxigene  ;  and  perhaps  the  fame  proper- 
ty may  be,  one  day  or  other,  difcovered  to  belong  to 
oxide  of  antimony.  . 

Antimony  is  but  very  little  altered  by  air;  its  furfacc 
is  only  a  little  tarnifhed.  It  is  not  folubie  in  i^ater; 
yet  fomfe  phyficians  fufpeft  that  it  communicates  to 
this  fluid  a  very  difcernible  emetic  quality.  Whii:: 
oxide  of  antimony,  when  diffolved  in  water,  communi- 
cates to  that  fluid  emetic  properties.  This  power  ci 
aftlon,  together  with  its  volatility  and  folubility,  givcj 
tl^is  oxide  a  kind  of  analogy  with  oxide  of  arfenic. 
Many  mineralogifts  have  been  of  opinion  that  the  ore 
of  antimony  is  never  without  arfenic.  It  is  certain, 
that  both  the  ore  and  thfe  regulus,  when  reduced  to 
powder  and  thrown  upon  coals,  exhale  an  odour  which 
is  eafily  difcerned  to  be  arfenical ;  and  when  a1)erfoa 
is  for  fome  time  expofed  to  that  vapour,  he  feels  ittc 
ad  upon  him  as  a  cathartic  and  a  weak  poifon ;  as  i 
myfelf  haVe  fevcral  times  experienced  in  my  laborator}'. 

Earthy  fubftances  have  no  power  of  aftion  on  acti- 
mony  :  its  oxide  enters  with  eafe  into  the  compofiiicn 
of  glafles,  communicating  to  them  an  orange  colour  of  a 
nearer  or  a  more  re;note  refembUnce  to  the  hyacinth. 

We  arc  unacquainted  with  the  manner  in  which  rhe 
falino-terreous  fubftances  and  the ^lkali§  a£t  upon  aur- 
mony  ;.  we  know  more  concerning  the  influence  of  the 
acids  on  this  femi-m«tal. 

The  fulphuric  acid,  when  boiled  flowly  over  ffi- 
regulus,  is  itfelf  decompofed,  and  oxidates  a  part  of  *t^'' 
femi-mctal  j  a  good  deal  of  fulphureous  gas  is  exhab 
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from  it,  and  towards  the  end  of  the  operation  there  is  a 
little  fulphur  fublimated.  The  mafs  which  remains, 
after  the  decompofition  of  the  acid,  is  a  compound,  con- 
fifting  of  a  good  deal  of  metallic  oxide  with  a  fmall 
portion  of  the  femi-metal,  combined  with  the  acid,  fo 
as  to  form  fulphate  of  antimony.  The  faline  part  is  fe- 
parated  by  means  of  diftilled  water.  This  fait,  when 
evaporated  with  a  ftrong  heat,  is  very  deliquefcent,  and 
not  fufceptible  of  crydallization  ;  iire  eafily  decompo- 
fes  it ;  pure  water,  the  falinc^terreous  fubflances,  and 
the  alkalis,  likewife  feparate  its  principles.  It  is  very 
difEcult  to  reduce  oxide  of  antimony  that  has  been 
formed  and  precipitated  by  the  fulphuric  acid. 

The  nitric  acid  attrafts  antimony  with  eagernefs: 
the  acid  is  decompofed,  oxidates  mod  of  the  metal,  and 
diffolves  a  part  of  it.  This  folution  takes  place  readily 
enough  when  the  fubftances  are  cold  : — ^the  fait  produ- 
'  ced,  after  being  feparated  by  lixivation  from  the  part 
which  is  oxidated,  gives  by  evaporation  nitrate  of  anti- 
mony, which  is  very  liable  to  deliquiate,  and  is  decom- 
pofed by  fire,  and  by  the  lame  intermedia  which  de- 
compofe  fulphate  of  antimony.  The  oxide  of  antimo- 
ny formed  by  the  nitric  acid  is  very  white  :  it  is  like- 
wife  one  of  the  moft  refractory  and  the  moft  difHcult  to 
reduce  of  all  the  metallic  oxides. 

The  muriatic  acid  appears  to  have  more  difficulty 
than  any  of  the  other  acids  in  a<^ing  on  antimony.  Yet 
it  diiTolves  the  femi-metal  with  the  help  of  a  long  di- 
geftion-;  but  does  not  oxidate  it  'fo  much  as  the  ful- 
phuric and  the  nitric  acids.  I  have  obferved,  that 
when  the  acid  remains  for  a  long  time  over  antimony 
in  powder,  it  ads  flowly  on  the  femi-metal;  diflblving 

a  good 
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a  good  quantity  of  it.  The  muriate  of  antimony  ob* 
tained  in  fmall  needles  by  a  violent  evaporation,  is 
very  liable  to  deliquiate.  It  melts  in  the  fire ;  it  vela* 
tilizes,  and  is  decompofed  by  diflilled  water  like  the 
fublimated  muriate  of  antimony ^^  called  butter  ofant'> 
mony^  which  we  will  foon  have  occafion  to  confider; 
and  which  differs  but  very  little  from  this  compound. 
M.  Monnet,  who  has  given  a  good  defcrip'tion  of  this 
combination  effeded  by  a  pretty  intenfe  heat,  obferves, 
that  there  is  a  very  confiderable  difference  between  that 
which  is  prepared  with  the  oxide  and  that  made  up 
with  the  femi-metal ;  the  former  being  of  a  more  fixed 
nature,  and  cryftallizing  in  laminae,  like  fulphate  of 
lime  and  the  boracic  acid.  That  fait  is  befides  decom- 
pofable  by  water.  We  have  had  occafion  to  obfenc, 
that  in  folutions  of  antimony  by  the  muriatic  acid  ef« 
feded  by  diftillation,  there  is  always  a  portion  of  fait 
which  is  never  volatilized  by  the  adion  of  fire,  but  re* 
fembles  the  fait  mentioned  by  M.  Monnet.  This  is 
owing  to  its  having  been  highly  oxidated  by  the  acid. 
This  obfervatidn  may  be  in  like  manner  applied  to  al- 
mofl  all  folutions  of  metals,  which  are  <  found  to  tsA 
in  many  different  ftates,  according  as  the  metal  which 
they  contain  is  more  or  lefs  completely  calcined  or 
oxigenated.  M.  Monnet  affirms  as  a  certain  and  invari- 
able faft,  that  1 2  grains  of  oxide  pf  antioaony  are  fuffi- 
cient  to  faturate  half  an  ounce  of  common  muriatic  acid; 
the  precife  ftrength  of  which  he  does  not  determine. 
Bergman  fays,  that  the  muriatic  acid  has  a  greater  alE- 
nity  than  any  of  the  other  acids  with  antimony.  The 
oxigenated  muriatic  acid  o;xidates  antimony  with  the 
greatefl:  eafe. 
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Aqua  repa^  or  the  nitro-muriatic  acid,  dillblves  this 
metal  with  more  energy  than  either  of  the  two  acids  of 
which  it  is  made  up ;  for  the  muriatic  acid  has  in  this 
compound  acquired  new  activity,  in  confequence  of 
being  united  with  the  oxigene  feparated  from  the  ni- 
tric acid.  Nitro-muriate  of  antimony  is  very  deliquef- 
cent,  and  may  be  decompofed  like  the  other  lalinc 
combinations  of  this  femi-metal. 

Sulphure  of  antimony,  or  the  natural  combination  of 
fulphur  with  the  femi-metal,  is  generally  more  entirely 
diflblved,  but  lefs  completely  oxidated^  by  acids  than 
the  femi-metal.  Sulphur  appears  to  defend  antimony 
in  feme  meafure  from  the  attacks  of  thofe  faline  fub- 
ftances.  The  nitro-muriatic  acid  ads  gently  on  diis 
mineral :  it  may  be  advantageoufly  employed  to  fepa- 
rate  the  fulphur  which  it  precipitates  in  the  form  of  a 
white  powder.  M.  Baume  recommends  for  this  ope- 
ration aqua-regia^  confiding  of  four  parts  of  the  nitric 
with  one  of  the  muriatic  acid :  but  he  has  not  men- 
tioned the  precife  degrees  of  ftrength  which  the  adds 
ought  to  have.  When  this  mixed  acid  ceafes  to  aft  on 
fulphure  of  antimony  on  which  it  has  been  poured,  the 
folution  is  then  filtrated,  and  the  fulphur  remains  on  the 
filter.  By  weighing  this  fulphur,  the  refpedive  quan^ 
tities  of  fulphur  and  antimony  contained  in  the  ore 
analized  come  to  be  known.  But  it  is  to  be  obferved, 
that  this  fulphur  always  contains  a  fmall  portion  of  ox- 
ide of  antimony ;  and  therefore  this  experiment  cannot 
be  thought  very  accurate,  at  leaft  if  the  oxide  be  not 
previoufly  purified  by  acids  from  the  fulphur  intermix- 
ed with  it. 

The 
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The  muriatic  acid  employed  to  diflblre  fulphure  of 
antimony,  affords  by^e  folution  a  little  ker;mes,  nrhich 
ihews  that  the  fluid  is  decompofed. 

This  femi-metal  decompofes  many  neutral  felts.  M, 
Monnet,  in  his  Treatife  on  the  Solution  of  Metals,  d^ 
fcribes  an  operation,  fhowing  that  antimony  decoxnpofei 
fulphate  of  potafh.  He  melted  in  a  crucible  a  niixture 
confifting  of  one  ounce  of  that  fait  with  half  an  ounce 
of  this  femi-metal.  The  produfl:  was  a  yellow,  vi- 
triform  mafs,  extremely  cauftic,  being  nothing  elfe  bur 
antimoniated  fulphure  of  potafh.  When  this  mafs  was 
diluted  in  hot  water,  and  afterwards  cooled,  it  afford- 
ed a  reddifh  fulpjiurated  oxide  of  antimony,  or  genuine 
kermes.  On  this  occafion,  according  to  the  new  doc- 
trine,  the  femi-metal,  by  depriving  the  fulphuric  acic 
of  its  oxigene,  caufes  it  to  pafs  into  the  ftate  of  fuJ- 
phur.  I  have  made  a  feries  of  experiments,  whict 
prove  that  many  other  metallic  fubftances  decompcfe 
fulphuric  falts,  as  I  fhall  fhow  in  the  following  chapters. 

Antimony  decompofes  nitrate  of  potafh  with  grear 
rapidity.  If  equal  parts  of  this  femi-metal  and  nitre 
ill  powder  be  thrown  into  a  red-hot  crucible,  the  fait 
gives  a  fmart  detonation,  and  burns  the  metal  by  mearu 
of  the  oxigene  which  it  fupplies.  '  After  the  operatiar. 
the  fixed  alkaline -bafe  of  the  nitre,  and  the  antimcri*. 
in  the.  flate  of  a  white  oxide  are  found  in  the  cruciblt:. 

This  oxide  has  received  the  name  of  diaphoretic  ^"?- 
timony.  We  call  it'  o::ide  of  antimony  by  nitre.  Not  an- 
timony, but  its  pre,  or  native  fulpthure  of  antimony, : 
mofl  frequently  ufed  for  this  preparation.  Only  a  Lir- 
ger  quantity  of  nitre  mufl  then  be  added  ;  fuch  as  three 
parts  of  the  fait  to  one 'of  the  mineral,  in  order  thatnc' 
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only  the  metal,  but  likewife  the  fulphur  united  with  it 
nuy  be  burnt.  The  reafon  why  the  ore  is  preferred 
to  the  femi-metal  is,  that  the  fulphur  renders  the  de- 
tonation of  the;  nitre  more  rapid  and  more  complete^ 
and  greatjy  facilitates  the  combuftion  of  the  antimony. 
The  matter  remaining  in  the  crucible  after  the  deto« 
nation,  condfts  of  oxide  of  antimony,  combined  in  part 
with  the  fix^d  alkali  of  the  nitre,  and  with  fo  much  of 
the  nitre  which  has  efcaped  detonation ;  it  contains  like- 
wife  a  little  fulphate  of  potafh,  formed  by  the  union  of 
the  acid  of  the  fulphur,  with  the  fixed  alkali  of  the  nitre* 
This  compound  has  been  nzvctt^  fohent  of  Rotrou^  or  zrii- 
'iiajhed  diaphoretic  antimony.  This  matter  is  cafl:  into 
hot  water,  and  diluted  by  the  folution  of  the  faline  part, 
while  the  metallic  oxide  remains  fufpended  in  the  water* 
The  turbid  water  is  decanted  off,  and  th&flxed  white  ox« 
ide  fufered  to  fubfide.  After  palling  thro*  this  prccefs, 
it  receives  the  name  of  wajhed  diaphoretic  antimony.  It  is 
moulded  into  little  balls,  and  then  carefully  dried.  The 
faline  part  of  the  mixture  remains  diflfolved  in  the  fu« 
pernatant  water,  as  well  as  a  part  of  the  metallic  oxide, 
ftill  in  union  with  the  nitrated  potafh.  If  an  acid  be 
poured  on  this  liquor,  it  combines  with  the  acid,  and 
the  oxide  of  antimony  is  precipitated.  This  oxide  is 
improperly  called  cerufe  of  antimony,  or  materia  perlata 
of  Kerkringius.  The  liquor  that  remains  after  the 
precipitation  of  the  materia  perlata  contains  a  little 
iiitre  which  has'efcaped  detonation,  a  fmall  portion  of 
fulphate  of  potaflf  produced  by  the  detonation,  and  the 
neutral  fait  newly  formed  by  the  combination  of  the 
acid  with  the  alkali,  by  which  the  metallic  oxide  was 

held 
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*  held  in  folution.  Though  the  nature  of  this  fait  n* 
ries,  according  as  one  or  another  of  the  acids  is  em- 
ployed, yet  it  has  been  called,  but  very  improperly, 
StabFs  anfimoniaiecLnitre.  It  very  often  contains  not  a 
grain  of  nitre ;  for  the  fulphuric  or  the  muriatic  acid 
may  be  with  equal  advantage  employed  to  precipitate 
the  oxide  of  antimony.  '  And  when  the  oxide  is  propa- 
iy  precipitated,  no  part  of  it  remains  combined  with  the 
neutral  fait. 

Oxide  of  antimony  obtained  by  nitre  may  be  melted, 
as  well  as  the  before- mentioned  oxides  of  the  femi-me* 
tal,  into  a  gla£s :  but  being  very  much  calcined,  it  is  do 
eafy  talk  to  melt  it.  For  the  fame  reafon,  it  is  equally 
difficult  to  reduce  this  oxide  to  a  metallic  ftate,  etcn 
more  difficult  than  to  reduce  oxide  of  antimony  that 
has  been  oxidated  and  fublimated  by  fire.  It  is  not 
yet  known  whether  this  oxide  b^  foluble  in  water  and 
acids. 

.  Antimony  appears  to  be  capable  of  decompofing  mu- 
riate of  foda ;  for  if  a  mixture  of  the  two  fubflances  be 
heated  in  a  retort,  agreeably  to  what  has  been  remark- 
ed by  M.  Monnet,  fublimated  muriate  of  antimony 
pafles  into  the  receiver.  He  does  not  defcribe  the  reii- 
due. 

This  femi-metal,  according -to  Bucquet,  has  fcarce 
any  power  of  decompofmg  ammoniacal  muriate;  to 
butter  or  fublimated  muriate  can  be  obtained  by  this 
decompofition,  agreeably  to  what  has  been  afierted  by 
Juncker. 

All  combuftible  matters  a£t  more  or  iefs  on  this  feci^- 
metal.  Hydrogenous  gas  alters  its  fur&ce  and  colour. 
It  z&,%  with  {lillmore  energy  on  folutions  of  antimonr. 

Ga 
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On  my  caufing  a  quantity  of  that  gas  obtained  from 
iron  and  the  aqueous  fulphuric  acid  to  pafs  into  a 
nitro-muriatic  folucion  of  antimpnyy  the  folution  be« 
came  inftantly  turbid,  and  depofited  a  matter  cf  an  o- 

a 

range  yellow  colour,  refembling  golden  fulphur^  but 
never  refembling  real  kermes.  ^Vhite  oxide  of  an- 
timony,  when  expofed  in  the  fame  manner  to  hydro* 
genous  gas,  both  dry  and  diluted  in  water,  fuffered  no 
alteration. 

Sulphur  combines  readily  with  antimony  to  form  an 
artificial  ore,  which  is  an  exaft  imitation  of  native  fuK 
phure  of  antimony.  To  effe£b  this  combination,  equal 
parts  of  fulphur  and  antimony  are  to  be  haftily  melted 
together  in  a  crucible ;  and  the  produd  is  a  needled 
mineral  of  a  dark  grey  colour,  which  never  contains  fo 
much  as  half  its  weight  of  fulphur,  uulefs  the  two  fub- 
ftances  have  been  mixed  together  in  the  proportion  of 
a  part  and  an  half  of  fulphur  to  a  part  of  the  femi- 
metaL  I  have  even  obferved,  on  melting  an  ounce  of 
antimony  in  a  retort  with  an  ounce  of  fulphur,  the  pro- 
dud  to  be  ten  drams  of  fulphure  of  antimony,  and  to 
contain  of  confequence  only  two  drams  of  fulphur ; 
while  the  reft  of  that  combuftible  fubftance  had  fo 
fwollen  by  fufion  as  to  make  its  way  into  the  receiver. 
No  more  therefore  than  one  part  of  fulphur  is  retjuifitc 
to  communicate  totfour  parts  of  antiniony  the  charac- 
ter of  fulphurated  ore  of  antimony.  And  in  phrrmacy 
therefore,  it  is  very  neceflary  to  examine  in  what  pro- 
portion the  two  fubftances  are  united  in  any  quantity 
of  this  ore  ufed  in  preparing  medicines,  in  order  to  efti- 
n^ate  the  eflfeds  which  it  may  produce  |n  combination 
^'Uh  other  fubftances. 

Tha 
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The  alkaline  fulphures,  or  liven  offulpbur^  entirely 
diffolve  antimony,  forming  in  confequence  of  the  folu- 
tion  a  yellb^^'iih  matter,  from  which  a  precipitate  of 
antimoniated  fulphur  may  be  obtained  by  an  acid, 
which  inilantaneoufly  communicates  to  it  an  orange  co- 
lour. Hepatic  gas,  or  fulphurated  hydrogene,  afts  on 
folutions  of  tins  femi-metal  precif^ly  in  the  fame  man- 
ner as  hydrogenous  gas. 

Antimony  combines  with  arfenic  and  with  bifmuth ; 
but  thefe  metallic  mixtures  have  not  yet  been  examin- 
ed with  fufHcient  care. 

Such  are  the  principal  properties  of  this  femi-metal : 
But  it  is  neceifary  to  examine  in  a  particular  manne: 
its  ore,  which  has  improperly  received  the  name  of  /?r- 
timony.  As  this  mineral  is  moft  commonly  ufed,  and 
in  a  gr^at  many  very  valuable  pharmaceutical  prepar.- 
tions,  it  is  natural  to  think  that  its  properties  muil  b 
much  better  known  than  thofe  of  the  femi-metal  which 
it  contains.  The  ilcheroifts,  who  paid  much  attention 
to  this  fubftance,  were  the  difcovcrers  offomepartof 
that  knowledge  which  we  at  prefent  poffefs  concerning 
its  properties  >  And  indeed  no  fubftance  ha$.  undergone 
more  experiments  than  have  been  made  on  fulphure  of 
antimony.  We  have  already  fecn,  that  with  the  help  oj 
heat,  a  portion  of  fulphur  may  be  feparated  from  it ; 
and  that  from  this  operation  there  refults  a  grey  oxid6> 
fufible  into  glafs  or  liver  of  antimony,  according  as  the 
calcination  is  more  or  lefs  completely  effected,  fiu: 
roafting  and  combuflion  by  nitre  are  not  the  oolj 
means  of  feparating  from  antimony  the  fulphur  which 
it  contains.  This  feparation  may  be  likewife  efiedcd 
by  prcfeniing  to  the  mineral  fome  fubftance  having  a 
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greater  affinity  with  the  metal  than  the  metal  has 
with  the  fulphur,  or  having  a  greater  affinity  with  the 
fulphur  than  it  has  with  the  metal. 

We  have  an  inftance  of  the  firft  of  th^fe  decompoii« 
tions  when  acids  are  applied  to  crude  fulphure  of  anti- 
mony. Thofe  falts,  efpecbliy  the  nitro-muriatic  acid, 
diifolve  the  femi-metal,  and  feparate  the  fulphur,  cau- 
fing  it  to  fwim  on  the  furface  of  the  folution.  The 
metal  even  appears  to  diflfolve  eafier  and  more  com- 
pletely in  fulphure  of  antimony  than  when  it  is  pure  ; 
as  we  have  already  remarked.  Iron  and  fome  other 
metallic  fubftances  attract  the  fulphur  from  this  re- 
gulus. 

Nitre  is  fuccefsfuUy  employed  with  this  fulphure  in 
the  preparation  of  a  number  of  medicines  of  fome  con« 
fequence.  We  have  already  feen,  that  when  one  part 
of  this  ore  is  made  to  detonize  with  three  parts  of  nitre, 
both  the  fulphur  and  the  metal  are  burnt,  and  what  re« 
mains  is  a  white  metallic  oxide  mixed  with  alkali. 
^Vhen  equal  parts  of  nitre  and  fulphure  of  antimony 
are  caufed  to  detonize  together,  the  detonation  is  lefs 
brilk,  on  account  of  the  proportion  of  the  nitre  being 
lefs.  This  mixture  therefore  requires  to  be  poured  by 
fpoonfuls  into  a  red-hot  crucible ;  whereas  that  which 
is  intended  to  form  white  oxide,  or  diaphoretic  an- 
tlmony^  needs  only  to  be  kindled  once,  when  it  im- 
[Mediately  detonates,  till  the  whole  be  reduced  t<y 
\  white  mafs.  VV'^hen  the  detonation  of  this  mix- 
rure,  confifting  of  equal  parts  of  nitre  and  fulphure 
-^  antimony  is  effected,  the  whole  mafs  is  urged 
Lvith  heat  till  it  melt :  and  inftead  of  diaphoretic  anti^ 
ncnyy  the  crucible  is  found  to  contain  an  opaque  brown 
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mafs,  fparkllng,  extremely  brittle, — in  a  word,  abrova 
opaque  glafs  of  antimony  covered  with  fcoriic.  It  is 
eafy  to  obferve,  that  in  this  operation,  the  quantity  ol 
the  nitre  is  not  fuflicient  to  burn  all  the  fulphur.  Iliat 
portion  of  the  fulphur  which  efcapes  combuftion  caufes 
the  oxide  of  antimony  to  melt  together  with  iifclf. 
When  this  mixture  is  not  urged  with  fire  till  it  k 
brought  into  a  (late  of  fufion,  the  product  obtained  ii 
nothing  but  a  vitreoujj  fcoria,  which  was  formerly  ail- 
ed RullancT s  falfc  liver  of  aniimonyi  This  matter,  when 
reduced  to  powder  and  waflied  in  water,  forms  cr^x 
vietallorum  ;  which  is  nothing  but  vitreous  oxide  of  an- 
timony  pulverized,  and  feparated  from  the  faline  mat- 
ters, with  which  it  is  mixed  in  confequence  of  the  de- 
tonation of  the  nitre. 

There  are  two  other  preparations  fimilar  to  the  fore- 
going, and,  as  well  as  it,  true  fulphurated  glaffes  of  as* 
timony.  The  one  is  the  ruby  of  antimony  or  ma^sip: 
opalina  ;  which  is  obtained  by  melting  in  a  crucibk 
equal  parts  of  decrepitated  muriate  of  foda,  nitre,  ari 
fulphure  of  antimony.  The  melting  of  this  niixtur<^ 
which  is  not  preceded  by  detonation,  affords  a  \itreoi:i 
rnafs  of  a  light  brown  colour,  very  brilliant,  and  cover- 
ed over  With  white  fcorise.  The  other  very  improperh 
called  medicinal  regulusy  is  prepared  by  melting  a  mix- 
ture confifling  of  fifteen  ounces  of  fulphure  of  antimc- 
ny,  twelve  ounces  of  decrepitated  muriate  of  foda,  ac- 
three  ounces  of  tartar.  From  the  fufion  of  this  nur- 
ture there  refults  a  giiftering  black  glafs  very  opaqc 
and  very  denfe,  and  of  which  the  appearance  does  l.^^ 
in  the  fmalleft  degree,  referable  that  of  metals.  Thc.^ 
t\Vo  compounds,  which  ditTer  in  fame  external  propeiDt? 
from  true  liver  of  antinwiy^  dpubtlefs  c  we  thofc  proper  "^' 
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by  which  they  differ  from  it  to  the  marine  fait  ufed  in 
preparing  them }  but  its  effects  on  this  mineral  have 
Bor  yet  been  exaftly  efli  mated. 

To  extract  antimony  from  its  ore  in  the  fmall  way, 
no  more  nitre  muft  be  employed  but  what  is  requifite 
to  burn  the  fulphur ;  and  fome  other  matter  which  may 
promote  the  reduction  of  that  part  of  the  metal,  which 
is  reduced  to  an  oxide  during  the  operation,  mufl  be 
likewife  added  to  the  mixture.  For  that  end,  take  eight 
ounces  of  fulphure  of  antimony  in  powder,  fix  ounces 
of  tartar,  and  three  ounces  of  nitre ;  mix  thefe  matters 
well  together,  and  put  the  mixture  by  fpoonhils  into 
a  red  hot  crucible  :  the  nitre  will  detonize  with  the  tar« 
tar  and  the  fulphure  of  antimony,  forming  black  flux, 
and  the  antimony  will  be  at  the  fame  time  melted. 
When  the  matter  is  fufficiently  melted,  let  it  be  poured 
into  an  iron  cone  greafed  and  made  hot :  let  the  cone 
be  (truck  with  a  few  blows  while  the  mixture  is  pour* 
ed  in  i  let  the  whole  be  fuffered  to  cool,  and  the  regu- 
lus  will  be  found  in  a  pyramidal  form  at  the  bottom  of 
this  vefleL  This  femi-metal  is  covered  over  with 
reddiih  black  fcoriae,  which  readily  attract  the  moifture 
i'i  the  atmofphere.  When  the  upper  furface  of  the  re- 
gulus  is  convex,  and  exhibits  a  regular  flar,  it  may  be 
confidered  as  pure.  This  (tar,  which  fuggefled  to  the 
imaginations  of  the  alchemifts  the  mofl  extravagant  no- 
tions, depends  on  the  manner  in  which  the  femi-metal 
cryftallizes  as  it  cools.  The  outer  edges  cool  firft ;  and 
the  fluid  matter  being  then  driven  towards  the  centre, 
produces  this  cryftallization,  which  never  takes  place 
but  on  fmall  maffes  of  antimony  ;  for  in  large  cakes  of 
this  femi-metal,  as  the  fluid  matter  undubtes  round 
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fcveral  centres,  inftead  of  a  ftar,  the  cryftallization  exhi- 
bits fem4eaves  under  diiFerent  angles.  Reaumur 
has  fhown  that  fudden  cooling  prevents  this  ftellated 
cryftallization  from  taking  place  ;  and  that  if  even  one 
fide  of  the  cone  be  fuddenly  cooled,  only  half  a  ftar  is 
obtained*.  The  quantity  of  metal  obtained  by  this 
procefs  is  not  equal  to  an  half  of  the  fulphure  of  anti- 
mony employed  on  the  occafion,  although  the  mineral 
generally  contains  more  regulus  than  fulphur,  becaufe 
part  of  the  femi*metal  enters  into  combination  with  the 
faline  matters  which  form  the  fcorise. 

Thcfe  fcoriae  are  compound  bodies,  confiding  of  a 
great  many  principles.  They  are  found  to  contain  the 
fixed  alkali  of  the  nitre  and  the  tartar,  combined  with 
the  fulphur  of  the  antimony  in  the  ftate  of  alkaline 
fulphure.  This  fulphure  holds  in  folution  a  portion  of 
oxide  of  antimony,  and  is  mixed  with  a  little  fulphate 
of  potafh,  formed  in  confequence  of  the  fulphuric  add 
produced  by  the  combuflion  of  the  fulphur  havii^ 
combined  with  part  of  the  alkali  which  belonged  to 
the  nitre.  Laflly,  thefe  fcoriae  contain  likewife  a  car- 
bonaceous  matter  which  they  owe  to  the  tartar.  On 
boiling  them  in  a  large  quantity  of  water,  and  filtrating 
the  boiling  liquor,  this  carbonaceous  matter  is  left  on 
the  filter.  This  folution  is  clear  while  it  remains  warm, 
but  as  foon  as  it  cools,  it  becomes  turbid,  and  depofite^ 

a  reddifi 

*  There  is  doubtlefs  fome  analogy  bctft'cen  the  way  in  vlii:i 
metallic  buttons  cryftallizc  on  their  furfacc  and  the  form  whici 
tiicy  aflume,  when  by  a  well  condu(5tcd  cooling,  and  by  feparat::i; 
die  fluid  from  the  fixed  part,  art  difpofes  them  in  feparate  cryfials- 
This  has  engaged  the  Abbe  Mongez's  attention  in  his  rcfciidc* 
concerning  the  crydallizatioa  of  metals.     A. 


Of  jiatimony.  357 

a  reddifli  matter,  which  is  at  prefent  thought  to  be  an- 
timoniated  fulphure  of  potafh.  This  precipitate  is  call- 
ed kermes  mineral  by  the  dry  way.  Whea  the  li- 
quor ceafes  to  depoiite  a  precipitate,  it  then  affords 
by  evaporation  a  matter  not  fo  deep  coloured  as  kermes^ 
which  is  a  real  antimoniated  fulphure  of  potaOi.  It 
affords  likewife  fulphate  of  potafli.  If,  inftead  of  evapo- 
rating the  liquor,  you  pour  an  acid  into  it,  it  gives  a 
precipitate  of  fulphurated  oxide  of  antimony  of  an 
orange  yellow  colour ;  which  was  formerly  called  gol- 
denjilver  of  antimony  ^  and  feems  to  differ  but  little  from 
kermesm 

If  a  quantity  of  fulphure  of  antimony  reduced  to  pow- 
der be  boiled  for  a  few  moments  in  water  containing 
carbonate  of  potafh  or  of  foda,  either  of  thefe  effervef-^ 
cent  alkalis  diflblves  the  fulphur,  and  forms  by  that 
means  an  alkaline  fulphure,  which  holds  a  part  of  the 
oxide  of  antimony  in  folution  :  this  boiling  liquor  is  fil- 
tered ;  and  by  cooling  it  depofites  as  a  precipitate 
that  portion  which  it  contains  of  kermes  or  red  fulphu- 
rated oxide  of  antimony.  When  this  liquor  is  cooled 
and  filtered,  a  new  precipitate  of  orange  coloured  ful- 
phurated oxide  of  antimony  may  be  obtained  from  it 
by  acids.  If  an  alkaline  lixivium  be  boiled  anew  over 
this  refidue,  kermes  may  be  again  obtained.  But  this 
kermes  is  of  a  paler  colour  than  that  which  was  at  firft 
obtained  j  and  the  oftener  the  operation  is  repeated,  the 
more  does  the  precipitate  differ  in  nature  from  genuine 
kermes.  The  alkali  appears  to  diffolve  more  of  the  ful- 
phur than  of  ihe  oxide  of  antimony  ;  and  fulphure  of 
antimony  fhould  not  therefore  be  boiled  oftener  than 

Z  3  once 


558  Cf  Antimony. 

once  or  twice  in  the  alkali.     This  operation  is  generJ. 
ly  called  the  preparation  of  kermes  by  the  humid  «raT. 
This  name  was  given  it  by  a  Carthufian  friar,  na- 
med  Simon;  doubtlefs,  becaufe  its   colour   refembla 
that  of  the  animal  called  kermes^ ^  which  is  ufed  in  dye- 
ing.  .  Mineral  kermes  has  been  alfo  called  Cartkufafi 
powder^  becaufe  it  was  at  firft  prepared  in  a  laboratory 
belonging  to  that  order.     Glauber  appears  intitled  tD 
the  merit  of  being  the  difcoverer  of  this  medicine ;  for 
he  prepared  it  with  fulphureof  antimony,  and  liquor  of 
nitre  fixed  by  coal.     But  he  has  defcribed  his  procefi 
in  an  unintelligible  language ;  nay  almoft  in  alchemi- 
cal fymbols.     Lemerj^,  who  laboured  much  in  invefti- 
gating  the  nature  and  the  combinations  of  antimony, 
and  who  has  given,  under  a  different  name,  a  prepara- 
tion fimilar  to  kermes^  may  be  regarded  as  being  pro- 
perly the  inventor  of  this  compofition.     It  \«ras,  how- 
ever, offered  to  the  world  as  an  entirely  new  prepan- 
tion  many  years  after  the  publication  of  that  chemift's 
work  ;  and  it  owes  its  celebrity  to  the  furprifing  cures 
"which  it  effected  when  firft  adminiftered  by   the  Car- 
thufian friar  Simon.     He  received  it  from  a  furgcon  i: 

tL 

♦  The  animal  hrmeSf  or  frarlet  gram  ufcd  in  dyeing,  is  the  b^^: 
of  a  female  infe<ft,  which  fixes  on  ihe  holm  or  ilex,  and  graJaa] } 
increafes  its  bulk  into  the  form  of  a  cap.  It  lofes  tlie  annular  Jorm 
which  diftinguiihes  thofe  animals;  Under  this  cap  are  coritaiu- 
the  eggs  of  the  iufe<5l.  The  young  infe6ls  ifTuing  from  the  «2?' 
pierce  through  the  flicll ;  and  the  females  being  without  wings»  r^ 
upon  the  leaves  of  trees  and  die  there,  after  being  impregnaicJ  bj 
tlie  males  who  are  winged.  The  cochineal  infedl  is  another  (y- 
cies,  in  nature  fimilar  to  tins ;  as  we  (hall  (how  when  wc  com. 
(peak  of  the  animal  kingdom.     A.  ^ 
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ihe  name  of  Ligeriey  who  was  not  himfelf  the  inventor 
of  it.     Ligerie  faid  that  he  had  it  frbiii  M.  Chaftenay, 
the  King's  Lieutenant  at  Landau,  to  whom  it  was  faid 
to  have  been  communicated  by  an  apothecary  who  pre- 
tended to  be  a  difciple  of  Glauber's.     Dodart,  at  that 
time  firll  phyfician  to  the  king,  applied  to  Ligerie  to 
publifh  his  receipt  for  making  kermes  ;  and  it  was  ac- 
cordingly communicated  to  the  world  by  that  furgeon 
in  the  year  1720.     Lemery,  the  fon,  in  the  Memoirs 
of  the  Academy,  aifcrted  his  father's  right  to  the  ho- 
nour of  this  difcovery  :  and  with  the  more  reafon,  b&- 
caufe  mod  apothecaries,  in  preparing  kermes^  flill  foU 
low  the  procefs  of  that  ikilful  chemift. 

Ligerie's  procefs  confids  in  boiling  a  pint  of  rain 
water  for  two  hours,  with  four  ounces  of  liquor  of  nitre 
Axed  by  coaU,  and  a  pound  of  fulphure  of  antimony 
broken  into  fmall  pieces  ;  filtrating  the  boiling  liquor ; 
boiling  the  fame  ore  with  three  ounces  of  new  liquor  of 
fixed  nitre  diluted  in  a  pint  of  rain  water  ;  and,  laflly, 
fubjeding  the  fecond  refidue  to  a  third  boiling,  with 
the  fame  lixivium  as  before,  namely,  adding  to  it  two 
ounces  of  liquor  of  fixed  nitre,  with  a  pint  of  rain  wa« 
ter.     The  liquor  is  then  filtered,  and  fet  afide  till  it  dc 
poHte  the  kermes  ;  it  is  then  wafhed  till  it  become  in- 
fipid,  dried,  and  after  fpirit  of  wine  has  been  burnt 
over  iti  reduced  to  powder.     This  procefs  is  tedious, 
and  affords  but  very  little  kermes  ;  for  all  that  is  ob- 
tained is  at  mofl  but  two  or  three  drams  to  the  pound 
of  fulphure  of  antimony.     It  is  likewife  very  trouble- 
fome,  on  account  of  fo  much  boiling  and  evaporation 
of  water.     Laftly,  Three-fourths  of  the  ore  of  antimo- 
ny are  loft  in  this  procefs ;  becaufe  the  quantity  of  the 
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alkali  employed  is  fo  fmall  in  proportion  to  that  of  the 
mineral. 

M.  Baum^,  who  follows  Lemery,  gives  two  proceflts 
for  preparing  in  a  very  fimple  manner,  and  in  a  very 
fhort  time,  a  great  quantity  of  kernies,  or  red  fulphu- 
rated  oxide  of  antimony  ;  the  dry,  and  the  humid  way. 
In  the  firft,  a  mixture  confifting  of  a  pound  of  fulphure 
of  antimony,  two  pounds  of  v,ery  pure  alkali  of  tartar, 
and  an  ounce  of  fulphur,  all  pulverized,  is  melted  in  a 
crucible.  Thus  melted,  the  mixture  is  poured  into  an 
iron  mortar,  where  it  is  again  pulverized,  though  net 
fo  completely,  as  foon  as  it  cools  :  it  muft  then  be  boil- 
ed in  a  fufficient  quantity  of  water ;  and  this  liquor  fil- 
tered through  grey  papery  affords  by  cooling  kcrmes 
of  a  brown  red  colouf :  it  muft  be  waflied,  firft  with 
cold,  and  after  that  with  boiling  water,  till  it  be  fu£- 
ciently  purified  from  any  mixture  of  faline  matter;  it 
is  then  dried,  pulverized,  and  pailed  through  a  Aiken 
fieve. 

To  prepare  kermes  in  the  humid  way,  the  fame  che- 
mift  directs  to  boil  a  lixivium,  confifting  of  five  cr  fix 
pounds  of  pure  fixed  alkali,  with  fifteen  or  tw^emy 
pounds  of  river  water  :  into  this  liquot,  when  boiling, 
caft  four  or  five  ounces  of  levigated  fulphure  of  anri- 
inony ;  ftir  the  mixture,  and  after  it  has  boiled  for  a 
moment,  filtre  it :  this  filtered  liquor  depofites  a  great 
deal  of  kermes  by  cooling  j  which  muft  be  waOied  in 
the  fame  manner  as  that  prepared  by  fufion.     This  pro- 
cefs,  according  to  M.  Baume,  affords  twelve  or  thirteen 
ounces  of  kermes  to  the  pound  of  antimony.  He  affures 
us,  that  the  kermes  obtained  by  thefe  two  di&rtnc 
ways  is  entirely  the  fame. 
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The  theory  of  this  operation,  or  the  nature  of  ker- 
mes,  are  not  yet  well  known ;  tho'  many  eminent  che- 
mids  have  been  engaged  in  the  refearch.  It  is  gene- 
rally thought  that  the  alkali  diflblves  the  fulphur  of  the 
ore,  and  that  the  fulphure  which  is  then  formed  diflblves 
the  antimony.  Yet  the  femi-metal  is  not  entirely  dif« 
folvcd  \  for  in  Lemery's  procefs  by  the  humid  way,  a 
grey  powder  is  precipitated  during  the  boiling  of  the 
liquor,  which  melts  without  any  addition  into  real  anti- 
mony. The  precipitation  of  kermesj  by  the  cooling  of  the 
lixivium,  which  though  at  firft  reddiihand  tranfparent, 
gradually  loofes  its  colour  as  the  kermes  fubfides,  is  an- 
other lingular  phenomenon.  This  compound  is  thought 
to  be  a  kind  of  antimony  fuperfaturated  with  fulphur, 
and  when  hot  foluble  in  fixed  alkali.  If  you  make  a 
lixivium  containing  precipitated  kermes,  the  kermes 
will  again  be  diflblved  by  heat.  The  lixivium,  which 
by  cooling  gave  a  precipitate  of  kermes,  contains  like- 
wife  antimoniated  fulphure  of  potafh.  When  an  acid 
is  poured  upon  it,  an  orange  matter  is  precipitated, 
known  by  the  name  of  golden  fulphur  cf  antimony^ 
and  much  more  emetic  than  kermes.  It  is  thought 
to  contain  more  fulphur  than  kermes,  and  lefs  of  the 
metallic  oxide. 

Geoffroy,  who  in  the  years  1734  and  1735  commu- 
nicated to  the  Academy  feveral  Memoirs  concerning 
kermes,  made  a  great  many  experiments,  with  a  view 
to  accomplifli  an  analyfis  of  it.  He  confiders  the  a^on 
of  acids  as  the  moft  effectual  means  that  can  be  em- 
ployed for  that  purpofe  :  thefe  falts  are  thought  by  him 
to  diflblve  the  femi-metal,  and  leave  the  fulphur  na- 
ked ;  and  thus  he  thinks  the  proportion  in  which  the 
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two  principles  of  kermes  are  united  in  it  may  be  efii- 
mated.     An  ounce  of  kermes  contains,  according  to 
GeoiTroy,  feventeen  grains  of  metal,  thirteen  or  four- 
teen  grains  of  fixed  alkali,  with  forty,  or  one  and  forry 
grains  of  fulphur.     But  many  chemifts  are  at  prefentol' 
opinion,  that  kermes  contains  not  a  particle,  of  alkali. 
]M.  Baunie  fays,  that  this  fait  is  not  one  of  its  confti- 
tucnt  principles,  and  may  be  entirely  feparated  from 
if,   only   by   walhing   the  mafs  in  plenty  of  boilioi 
water,     M.  Deyeux,  who  has  turned  his  inquiries  to 
the  fame  fubject,  agrees  in  opinion  with  M.  Baume.  la 
a  feries  of  experiments  performed  in  conjunction  with 
the  Duke  of  Rochefoucauld,  I  have  had  an  opportuni:? 
of  being  fully  convinced  of  the  fame  truth  :  but  one 
faft  particularly  worthy  of  notice  is,  that,  as  the  cir- 
cumftances  of  the  preparation  of  kermes  vary,  it  alio 
appears  to  vary  greatly  in  its  nature.     It  may  contain 
more  or   lefs   fulphur ;  and  we  may  naturally  infer 
that  its  effefts  muft  vary,  according  as  the  proportion 
of  its  principles  is  varied.     It  appears,  in  general,  that 
the  date  of  the  fulphure  of  antimony,  the  various  pro- 
portions in  which  its  principles  are  united,  and  its  be- 
ing more  or  lefs  attenuated  or  divided,  as  well  as  the 
quantity  and  the  particular  (late  of  the  alkali  in  point 
of  caufticity^  the  quantity  of  the  water,  the  time  du- 
ring which  the  lixivium  is  boiled,  with  many  other 
fuch  circumftances,  produce  great  variations  on  the  na- 
ture ol  kermes.     In  order  to  obtain  it  always  urith  tte 
f  ime  ftrength,  the  proportion  of  the  fubftances  of  which 
it  is  compofed,  and  the  circumftances  in  ^j^hich  it  ii 
prepared,  fliould  always  be  the  fame.     Without  enta- 
ing  into  a  very  minute  detail  of  all  the  phsenomcsa 
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which  kermes  has  oflFered  to  our  obfervation,  when 
treated  with  a  great  many  different  Intermedia,  we  (hall 
only  add,  i.  That  the  cauftic  alkalis  produce  a  fingu- 
lar  alteration  upon  it,  and  diffolve  it  even  when  cold. 
2.  That  the  energy  with  which  the  acids  aft  on  this 
lubilance  is  much  diverfified,  and  that  it  is  very  diffi- 
cult to  determine  by  means  of  th?m  the  quantity  arid 
the  (late  of  the  femi-metal,  and  the  fulphur  which  enter 
into  its  compofition;  becaufe  the  fulphur  feparated  from 
kermes  by  acids  carries  always  along  with  it  a  certain 
quantity  of  oxide  of  antimony. 

The  cauftic  alkalis  aft  with  much  mote  pnergy  than  the 
eS'ervefcent  alkalis  on  fulphure  of  antimony;  the  former 
produce  more  kermes  in  proportion  to  their  quantity ; 
and  the  kermes  into  which  they  enter,  is  of  a  much  deep- 
er colour  than  that  which  owes  its  formation  to  the  lat- 
tcr.  Lime,  or  lime  water,  when  digefted  over  antimony  in 
powder,  affords,  even  without  the  application  of  heat, 
at  the  end  of  a  few  days,  a  kind  of  kermes  or  golden 
fulphur,  of  a  beautiful  red  colour.  Ammoniac  alters  it 
in  the  fame  manner.  By  diftilling  ammoniacal  muriate 
with  fulphure  of  antimony,  we  obtain  a  pulverulent 
purple  fubh'inare,  which  appears  to  be  a  kind  of  ?.ati- 
nioniated  fulphure,  with  a  bafe  of  ammoniac. 

Laftly,  To  conclude  the  hiftory  of  the  decompofition 
of  fulphure  of  antimony,  a  number  of  other  metallic  fub- 
ftances  feparate  the  fulphur  from  this  compound,  having 
a  greater  affinity  with  it  than  antimony  has.  Tin,  iron, 
copper,  and  filver,  are  all  of  them  capable  of  effcfting  this 
decompofition.  It  is  only  neceffary  to  heat  tin  or  filver 
With  this  ore  till  they  melt.  Thefe  metals  unite  with  the 
fulphur,  leaving  the  antimony  in  a  folitary  flite.     Iron 
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and  copper  produce  the  fame  effed :  thefe  muft  be  fir: 
filed  do\^n,  and  made  red-hot  in  a  crucible,  after 
which  the  fulphure  of  antimony  is  added  to  them,  aad 
foon  decompofed.  The  mineral  haflens  their  fuCoa, 
and  the  femi-metal  is  feparated.  It  muft  be  confefled, 
however,  that  the  antimony  obtained  by  thefe  pro 
cefles  is  never  pure :  it  ftill  retains  a  part  of  the  metal- 
Kc  fubftanees  which  were  employed  to  feparate  the  fii 
phur.  Its  form  and  colour  always  indicate  this ;  and  It 
is  diftinguiihed  by  the  name  of  the  metal  with  which 
it  is  alloyed. 

Antimony  is  employed  in  many  of  the  arts ;  w^st 
efpecially  in  calling  types  for  printing.  It  was  formerh 
nfed  as  a  purge.  For  this  end,  a  quantity  of  water  c; 
wine  was  drunk,  after  (landing  over  night  in  veffd: 
of  this  femi-metaL  But  as  the  particular  temperature 
of  the  place  and  the  (late  of  the  wine,  as  being  more 
or  lefs  acid,  neceffarily  rendered  it  uncertain  what 
quantity  of  the  metal  might  be  at  any  time  diiToIvei 
this  medicine  has  been  with  good  reafon  given  up,  «: 
being  very  little  to  be  trufted.  For  the  fame  reafcL 
the  perpetual  pills  are  no  longer  ufed,  which  ve:: 
little  balls  of  this  femi-metal  fwallowed  as  a  purgauvt. 
The  (late  of  the  digedive  juices,  the  nature  of  Vx 
mucus  in  the  primary  du£ls,  and  the  differences  b 
tween  diiFerent  individuals  in  point  of  fenfibility,  re:* 
dered  the  cffeds  of  thof^  pills  uncertain,  and  frequct:* 
ly  dangerous. 

Crude  fulphure  of  antimony,  Rotrou's  folvent,  tfc^ 
oxide  of  antimony  known  by  the  name  of  diapbora-.. 
kermes  mineral,  and  golden  fuiphur,  are  the  only  an^- 
monial  preparations  at  prefent  ufed  in  medicine*     Su- 
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phure  of  antimony  is  employed  as  a  fudorific  in  cuta- 
neous diftempers.  It  is  fufpended  in  a  linen  bag  in  the 
veffels  in  which  ptifans  for  thefe  diforders  are  prepared: 
A  number  of  phylicians  deny  that  it  produces  any  good 
cffetls  when  adminiftered  in  this  way.  It  is  likewife 
levigated  and  made  up  into  pills,  which  are  taken  for 
the  fame  complaints. 

Rotrou*s  folvent,  or  alkaline  oxide  of  antimony,  is 
recommended  as  a  very  eifedual  remedy  in  diforders 
occafioned  by  the  thickening  of  the  lymph  ;  fuch  as 
fcrophulous  cafes,  and  all  fwellings  of  the  glands  ia 
general.  A  number  of  phylicians  truft  but  little  to  the 
effefts  of  waflien  diaphoretic  antimony  :  they  think  it 
a  pure  oxide  of  antimony,  entirely  deftitute  of  virtue* 
Yet  it  is  to  be  remembered,  that  Rouelle,  the  young- 
er, found  this  oxide  to  be  fufiiciently  foluble,  and 
that  in  confequcnce  of  its  poffefling  this  property,  it 
muft  be  capable  of  producing  fome  effeflis  in  medi- 
cine. Befides,  as  we  know  not  in  what  manner  the 
gaftric  juices,  and  thofe  of  the  inteftines,  a£l  on  metallic 
oxides,  we  muft  not  venture  to  pronounce  that  ai  fub- 
ftance  which  is  apparently  infoluble  and  infipid,  can 
have  no  virtues  when  taken  inwardly.  Experience 
proves,  however,  that  this  medicine  produces  fcatcc 
any  effe£l  in  the  moft  obftinate  cutaneous  diforders, 
however  long  we  continue  to  apply  it.  Unwaflied  dia- 
phoretic antimony,  or  Rotrou's  folvent,  is  preferable, 
becaufe,  on  account  of  its  containing  alkali,  it  is  much 
more  adive  than  the  laft-mentioncd  medicine.  A  me- 
dicine called  La  C beveller ay* s  powder  h  ftill  ufed  in  fuch 
cafes.  It  confifts  of  diaphoretic  antimony  calcined  fe- 
ven  times  fuccefsfully,  with  frelh  nitre  each  time,  and 
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lixiviated  after  each  operation.  It  differs  but  verv 
little  from  waflied  diaphoretic  antimony ;  for  via 
this  femi»metal  has  been  once  well  calcined,  as  it  u 
when  detonized  with  a  quantity  of  nitre  equal  to  three 
times  its  own  weight,  it  is  no  longer  fufceptible  i 
calcination :  and  therefore  no  detonation  can  be  obfer- 
ved  in  this  operation.  This  medicine  is  abfolutely  is* 
capable  of  producing  any  effefts  when  deprived  of  i 
kali. 

Kermes  mineral  is  one  of  the  mod  valuable  mciii- 
cines  that  are  prepared  of  antimony.  It  is  iQci* 
five,  and  is  very  happily  adminiftered  in  pituitousaf* 
fe&ions  of  the  (lomach,  the  lungs,  the  inteftiDes,  ^^ 
even  of  the  urinary  paffages.  It  is  moft  frequently  ufed 
in  cafes  when  the  breail  Js  affeded,  in  order  to  aiEft  ex* 
pedoration.  It  ought  not  to  be  given,  however,  tiil 
the  inflammation  be  abated.  It  is  likewife  given  be* 
cefsfully,  in  fmall  dofes  frequently  repeated,  in  r«* 
tarrhs  of  the  breaft,  the  humid  afthma,  cutaneous  a- 
orders,  fwellings  of  the  glands,  &c.  It  is  given  i: 
dofes  of  from  half  a  grain  to  two  or  three  grai^^j 
in  certain  drinks  or  pills.  Sometimes  it  occafions 
vomiting  ;  and  it  often  occafions  fweat,  or  a  profuEca 

of  urine. 

Golden  fulphur,  as  being  it. violent  emetic  and  pur- 
gative, is  but  little  ufed.  It  was  formerly  admini:' 
tered  in  the  fame  cafes  in  which  kermes  is  prefcribcd ; 
but  its  effeds  are  much  more  uncertain. 

There  are  likewife  feveral  other  preparations  of  ::5' 
timony,  which  are  very  advantageoufly  employed  \i 
medicine :  But  as  they  are  made  up  with  vegetsbi 
matters,  we  will  fpeak  of  them  on  another  occaiii^ 
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This,  is  among  the  mod  valuable  of  metallic  ful>- 
ftances  in  medicine ;  and  phyficians  cannot  ftudy  its 
properties  with  too  much  attention.  Scarce  any  other 
metallic  fubftance  has  more  engaged  the  attention 
both  of  alchemifts  and  chemifcs ;  and  we  have  def- 
cribed  a  number  of  valuable  preparations  into  which  it 
enters. 


CHAP. 


<•■> 


msm 


CHAP.    XIV. 


^mmt^i 


Of  Zinc. 


ZINC   is    a   metallic   fubftance,   fparkling,  of  2 
bluiih  white  colour,  and  cryftallized  in  narrow 
laminae ;  it  has  neither  tafte  nor  fmelL     It  cannot  be 
reduced  into  a  powder  like  the  other  femi-metals :  i* 
yields  under  the  hammer,  and  may  even  be  beaten  out  a 
good  deal,  provided  it  have  not  been  too  much  ham- 
mered before.     We  owe  the  knowledge  of  this  proper- 
ty of  zinc  to  M.  Sage.     When  zinc  is  wanted  to  be 
very  much  attenuated,  it  muft  be  granulated,  by  be- 
ing poured  mdteA  into  cold  water,  or  filed  dovn.    It 
greafes  the  files  employed  for  thh  pi&rpofe,  and  fiUs  ^p 
their  teeth,     Macquer  fays,  ths^  when  it  is  ezpofed  to 
the  moft  intenfe  heat  which  it  can  bear  without  melt- 
ing, it  becomes  fo  brittle  that  it  may  be  pulverifcd  fa 
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a  mortar.  This  property  eftabliflies  a  wide  diftindlion 
between  ?;inc  and  thofe  nietals  which  are  rendered 
more  duftile  by  the  aftion  of  heat,  and  renders  it  e^fy 
for  us  to  reduce  a  mafs  of  this  metal  to  Jeparate  particles. 
It  may  be  likewife  reduced  to  the  fame  ft  ate  by  tritu- 
rating it  when  ipelted,  and  ftirring  its  particles  to  pre- 
vent their  adhering  together  as  they  cool.  This  ope- 
ration muft  not  be  performed  in  an  iron  mortar,  for 
zinc  always  diflblves  a  portion  of  that  metal :  a  marbld 
peftle  and  mqrtar  fliould  be  ufed  for  the  purpofe. 

In  water,  ^inc  lofes  about  a  feventh  part  of  its  weighti 
The  brilliant,  and  in  a  niannet  regular  facets,  which 
appear  in  the  frafture  of  the  pigs  into  which  zinc  is 
made  up  for  commerce,  are  a  proof  that  this  femi- 
metal  is  capable  of  cryftallizing  in  a  determinate  man- 
ner. The  Abbe  JVIongez  fucceeded  in  cryftallizing 
this  femi-metal.  Its  cryftals  are  bundles  of  fmall  qua- 
drangular prifms,  difpofed  in  all  directions,  and  of  a 
blue  colour,  which  is  changeable  if  expofed  to  the  air 
while  the  metal  is  hot.      » 

M.  Sage  thinks  zinc  to  be,  next  after  iron,  the  moft 
comnion  of  all  metals.  He  affirms  that  he  has  found  it 
in  all  martial  pyrites !  and  M.  Grignon  afferts  that  th^ 
cadmia  of  the  furnaces  in  which  iron  ores  are  treated,' 
always  contains  a  good  deal  of  zinc. 

Native  zinc  is  very  rare  :  moft  naturalifts  even  doubt 
of  its  exiftence.  But  M.  Valmont  de  Bomare  informs 
us,  that  he  has  feen  fpecimens  of  this  fubftance  in 
the  mines  of  lapis  calaminaris  in  the  Dutchy  of  Lim- 
burgh,  and  in  tlie  mines  of  Goflard.  It  was  in  fmali 
pliant  filaments,  of  a  greyifh  colour,  and.  very  inflam- 
mable. 
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This  metal  is  ofteneft  found  in  the  ilate  of  oxide :  i: 
then  conftitutes  the  lapis  calaminaris^  which  in  pokitcf 
form  is  fubjefl:  to  very  many  varieties.  Sometimes  hi) 
in  cubic,  prifmatic,  foliated,  or  laminated  cryflals;  bat 
ofteneft  in  irregular  maffes.  Its  colour  too  varies.  It 
is  fometimes  white,  fometimcs  grey  or  yellow,  ani 
fometimes  reddifh.  It  is  a  hard  body,  but  never  fo  very 
hard  as  to  give  fire  with  fteel.  It  is  found  in  pretty 
large  quarries  in  the  Dutchy  of  Limburgh,  in  the  coun- 
ty of  Namur,  and  in  Nottingham  and  Somerfetfhiresin 
England.  Thefe  quarries  of  lapis  calaminaris,  are  ofte 
found  to  contain  marine  bodies,  calcareous  fpar,  kc.\i 
circumftance  which  proves  them  to  have  beendepo- 
fited  by  water.  The  lapis  calaminaris  is  ftill  called  «• 
tural  or  foj/il  cadmia.  Bergman,  who  has  analized  zin: 
ores  in  a  very  accurate  manner,  has  found  almoft  alia- 
lamines,  to  contain  filiceous  and  aluminous  earth,  anw 
oxide  of  iron  in  various  proportions  :  calaniines  comd 
from  ,04  to  .30  of  metal. 

The  Abbe  Hauy  has  difcovered  that  all  cryftalliit^ 
calamines  have  the  .eleftric  powers  of  the  tourmalin:. 
The  zeolitiform  calamine  has  been  analized  by  M.  Pell:- 
tien,  and  the  refults  publifhed  in  the  Journel de  Pby/iq''-'* 
It  is  in  fmall  laminas,  not  at  all  like  the  zeolite.  Tbr' 
form  a  jelly  with  acids  ;  and  naturalifts  have  therefcr: 
done  wrong,  to  (ionfound  them  with  the  zeolite. 

Zinc,  in  combination  with  fulphur,  forms  vnai  :.• 
called  blende  or  falfe  galena.  This  fulphurc  of  ziuc  > 
commpnly  in  fcalcs  ;  fometimes  it  appears  in  cubic  ctj- 
ftals,  more  or  lefs  truncated.  As  to  colour,  It  is  foni^ 
times  lead  coloured,  but  generally  black  orreddiih- 
There  is  alfo  found  at  Ronft)erg  in  Norway,  at  GoCar-- 
ttud  at  St  MariCj  a  yellow  and  tranfparentfpccies^?^^^ 
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fubftance.  Some  blendes  are  phofphoric  when  rub- 
bed in  the  dark.  Some  of  them  poflefs  this  property 
in  fuch  a  degree,  that  all  that  is  neceffary  to  make  them 
difplay  it,*  is  to  rub  them  with  a  tooth-pick*  Blende 
has  received  the  name  oijlerile  nigrum  ;  becaufe,  when 
melted,  in  order  that  the  zinc  which  it  appears  to  con- 
tain might  be  extracted,  no  zinc  is  obtained,  as  the 
femi-metal  is  volatilized  while  it  is  in  fufion.  AH 
blendes,  \vhen  they  are  either  rubbed  or  diffolved  in 
acids,  exhale  a  very  fenfiblc  fmell  of  liver  of  fulphur* 
Cronftedt  thinks  them  to  confifl  of  zinc  combined  with 
falphur  by  the  intermedium  of  iron.  M.  Sage  is  of 
opinion^  that  they  contain  an  earthy  fulphure,  or  liver 
of  fulphur. 

Zinc  is  likewife  found  in  a  faline  ftate,  combined 
with  the  carbonic,  or  with  the  fulphuric  acid.  The  firll 
of  thefe  compounds  is  known  by  the  name  of  vitreous 
zinc  on  J  or /par  of  zinc.  This  ore  is  white,  grey,  or 
bluifti,  and  gives  fire  with  fleel :  it  is  ponderous,  fome- 
times  cryflallized,  and  fometimes  ftalaclitical,  or  irre- 
gularly Ihaped.  It  diffolves  with  efFcrvefcence  in  acids, 
giving^  out  carbonic  acid.  Bergman  reckons  eX-ery  100 
grains  of  it  to  contain  65  of  oxide  of  zinc,  28  of  cnr- 
bonic  acid,  6  of  water,  and  i  of  iron. 

Native  fplphate,  or  vitriol  of  zinc,  is  found  in  rhom- 
boiJal  cryitals  or  white  {lala'^Ltes.  It  is  often  c'ryllal- 
lized,  like  amianthus,  in  filky  fikinients,  or  in  fine 
neetlles  :  it  is.  fpmetimes  confounded  vv'hen  in  this  ftat6 
with  feathered  atu?iu  It  is  found  in  Italy,  and  in  the 
mines  of  Goflard  in  Ilartz. 

AVe  may  now  proceed  to  arrange  zhic  ores  in  the  fol- 
lowing manner,  according  to  the  feveral  dates  in  which' 

the  femi-metal  is  found. 

\  -\  />  r'-«>»  f 
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State  I.    Native  zinc. 

I  •  In  pliant  filaments,  greyiih,  and  inflammable. 

State  IL     Zinc  in  Oxide  ;  Calamine, 

m 

Varieties. 

1.  Oxide  of  zinc,  or  white  calamine  in  tetrahz- 

dral  prifmatic  cryftals,  fhort  and  bundled  to- 
gether in  a  confufed  manner.  It  fometimei 
inclines  to  green. 

2.  Oxide  of  zinc,  or  calamine  cryftalHzed  inprn- 

mids,  refembling  the  hog's  tooth  calcaiec-j 
fpar:*its  colour,  white,  grey,  greenifli,  o: 
reddi(h«  Meflrs  Sage  and  Rome  de  Lil^^ 
think  that  this  calamine  is  produced  by  t!i£ 
decompoiition  of  calcareous  fpar.  It  is  iBdeei! 
often  found  to  be  in  part  calcareous  and  h-:^ 
low  within. 

3.  Solid,  and  as  it  were  worm-eaten  oxide  of  zisr 

or  calamine.  It  is  furrowed,  cellular,  andk 
fome  manner  cryftallized  in  dendrites. 

4.  Solid,  compact  calamine  or  oxide  oF  zinc ;  ^' 

pis  calaminaris.  That  which  we  get  fror; 
the .  county  of  Namur  is  always  calcinci 
There  is  an  order  againft  exporting  it  till  t 
have  undergone  that  operation. 

5.  Oxide  of  zinc,  or  calamine  in  greenifh  or  yt^ 

lowifh  (lalagmices. 

6.  Oxide  of  zinc,  or  calamine  in  a  zeoKte  fcnr, 

known  by  the  name  of  Zeolite  of  Friburi: 
M.  Pelletier  has  difcovered  that  this  prete^- 
ed  pearUcoloured  zeolite  contains  to  i'-' 
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Varieties. 

parts, — ^from  48  to  52  of  filiceous  earth,  36 
of  oxide  of  zinc,  and  from  8  to  1 2  of  water. 

State  in.     Zinc  mineralized  by  fulphur :  Sulphure  of 

of  zinc,  blende. 

The  principal. varieties  of  this  ore  are  to  be  diftin- 
guifhed  by  their  diverfities  of  form.  Cubic  blende  has 
been  fo  called  by  miflake.  The  following  are  the  va- 
rieties  of  its  forms  mentioned  by  M.  Hauy. 

Varieties. 

1.  Duodecahsdral  blende  with  rhombic    facets* 

This  is  the  primitive  form,  and  is  obtained  by 

the  fubdivifion  of  the  cryftals.     It  has  not  yet 

.   been  found  in  nature  without  additional  facets* 

2.  Blende  with  1 2  trapezoids  and  1 2  triangles. 
3*    Blende  in  regular  odohxdrons. 

4. '  Blende  in  regular  tetrahedrons. 

5.  Beiide  thefe  five  varieties  regarded  by  mineralo* 

gifls  as  fpecics,  there  are  others  diftinguifhed 
•  by  colour  ;  the  grey,  with  a  metallic  afped, 
the  black,  the  red,  or  reddilh  brown,  the  yel- 
lowiih  green,  the  waxen  yellow,  &c.  Thefe 
are  all  either  fh^pelefs  or  cryflallized. 

6.  Blendes  may  be  difcriminated  by  their  more  or 

« 

lefs  fenfiblephofphorefcenceuponfridion,  and 
by  the  fetid  odour  of  fulphurated  hydrogene, 
which  they  emit,  when  rubbed  or  heated. 

7.  Sulphure  of  zinc  or  decompofed  blendes,  the 

laminae  of  which  are  detached,  and  their  luf- 
tre  deftroyed.  This  becomes  an  oxide  of 
zinc  or  calamine. 

A  a  3  ^Slote  IV. 
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State  /T. 


Varieties. 

1.  Carbonate  of  zinc,  fparry  zinc,  or  vitreous orf 

of  zinc. 

2.  Sulphate  of  zinc,  in  rhomboidal  cryftals, in  Ji* 

laftites,  or  in  filky  filaments. 

V 

In  aflaying  calamine,  it  is  generally  fufficient  to k- 
duce  it  to  powder j  to  mix  it  with  coal,  and  tohcatfl:; 
mixture  in  a  crucible  covered  with  a  red  copperplate; 
on  which  the  copper  immediately  becomes  yello^' 
and  is  converted  into  brafs.  Bergrnan  has  analizcu 
calamine  much  more  accurately  by  the  humid  wa): 
he  made  ufe  of  the  fulphuric  acid  in  analizing  pure  a- 
lamine  and  carbonate  of  zinc  :  the  folution  he  fow^ 
to  contain  both  fulphate  of  zinc  and  fulphateof  iron; 
the  laPc  he  decompofcd  by  a  known  weight  of  zi^i 
and  afterwards  precipitated  it  with  carbonate  of  fca 
He  has  determined,  that  1^93  grains  of  this  preciph't 
are  equal  to  1  ©o  grains  of  zinc ;  from  the  "weight  c: 
the  prj;3cipitate  he  dedufl:^  the  w^eight  of  the  zinc  ci- 
ployed  to  precipitate  the  iron. 

As  mofl  calamines  are  of  a  more  compound  aaiii- 
than  this,  and  contain  filiceous  earth,  aluminous  eartii. 
and  chalk  conabined  with 'oxide  of  zinc,  of  iron,  ac: 
even  of  lead  ;  Bergman  firft  treats  thofe  ores  three  tii"^- 
fucccffi  vely  with  two  parts  of  nitrous  acid  each  time :  ^- 
hcztting  them  till  they  become  dry,  the  acid  calcines-- 
jron,  and  renders  it  infoluble  ;  the  fecond  aauifi<>"  ' 
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nitric  acid  ferves  to  diffolve  whatever  is  foluble^  and 
the  iron,  the  filiceous  earth,  and  the  aluminous  earth, 
remain  feparate.  The  acid  holds  in  folution  the  calca- 
reous earth  and  the  oxides  of  zinc  and  lead.  The  mu- 
riatic  acid  is  employed  to  precipitate  the  o^ide  of  lead; 
the  futphuric  acid  to  feparate  the  lime ;  as  to  the  lime 
it  is  precipitated  by  the  alkaline  prufliates.  Bergman 
takes  one  fifth  of  the  weight  of  this  precipitate  to  be 
the  oxide  of  the  zinc  contained  in  the  calamine.  He 
has  employed  likewife  another  procefs,  in  which  he  di« 
ftilled  the  fulphuric  over,  calamine  till  only  a  dry  reil- 
due  remained  ;  this  refiduc  he  lixiviated  in  hot  water  : 
he  then  precipitates  this  lixivium  with  cauflic  ammo- 
niac, which  feparates  the  iron  and  the  aluminous  earth, 
but  not  the  oxide  of  zinc,  which  is  foluble  in  ammonia- 
cal  fulphate. 

As  to  the  affaying  of  blendes,  formerly  they  were 
firft  roafled,  and  then  treated  in  the  fame  way  as  cala- 
mines. M.  Monnet  firft  airerte4  that  thefe  ores  might 
be  very  well  ajTayed  by  diffolving  them  in  aquafortis, 
which  combines  with  the  metallic  fubilance,  and  fepa- 
rates the  fulphur.  The  oxide  of  zinc  is  then  reduced, 
after  being  feparated  by  diftillation  from  the  nitric  acid. 
Bergman  has  made- a  feries  of  experiments  on  thefe 
ores,  no  lefs  accurate  than  thofe  which  he  has  made  on 
calamines ;  and  has  purfued  M.  Monnet's  concerning 
the  aflaying  of  them  by  the  humid  way  to  a  much 
greater  length.  He  firft  feparates  by  diftillation,  the 
water,  the  arfenic,  and  a  parf  of  the  fulphur  which  they 
contain  :  hie  next  treats  them  with  fuch  acids  as  act  upon 
them  with  the  moft  force  j  and  finifhes  the  operation  by 
precipitatipg  thefe  folutions  with  various  re-agents. 

Aa4  The 
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The  ores  of  zinc  are  not  wrought  in  order  to  extrad 
fhe  femi-metal  which  they  cohjtain.  By  melting  lead-ore 
mixed  with  blendes,  zinc  is  obtained  in  the  form  of  ox- 
Jde;  which  is  fublimed  in  the  chipihiieis  of  furnaces,  snd 
there  produces  greyifli  incruflatiorts,  which  are  calleJ 
iuttia  or  cddmia  fornacum.  Another  portion  is  obtain- 
ed  in  the  metallic  form  by  cooling  the  anterior  part  cf 
the  fiirhace.  The  zinc  being  teduced  to  vapour  \\ 
the  aftion  of  the  fire,  is  there  condenfed, .  and  falls  in 
grains  on  powdef  of  charcoal,  coveting  a  ftone  filaccJ 
beneath  in  the  furnjfce.  The  powder  of  coal  prefemj 
the  femi-mefal  frotn  bdng  calcined  ;  it  is  then  mekej 
anew  in  a  crucible,  and  call  into  pig$»  This  is  the  pro- 
cefs  by  which  the  greateft  part  of  the  zinc  \^hich  paDt. 
in  commerce  is  obtained  ^t  Ramntelfberg,  either  in  ox- 
ide or  in  metah  This  zinc  is  always  combined  with  ;i 
portion  of  lead  which  alters  its  ftature.  That  which  \\ 
prepared  in  China,  and  comes  to  us  frofn  the  Jndic^ 
under  the  name  of  tuienag^  is  m*uch  purer  * ;  but  mc 
are  unacquainted  witl>  the  ptocefs  by  which  it  is  prcpa- 
red.  M.  Sage  fays,  that  tfie  Englifh  extrafl  zinc,  b 
the  great  way,  from  laipis  calamiriari^  by  diflillation; 
but  the  apparatus  which  they  Employ  is  kept  a  feaer. 

Zinc  expbfed  to  heat  in  clofe  ireflels  ta^lts  on  becc- 
ming  red-hot,  and  volatilizes  without  being  decomp?- 
fqd.  If  fufFered  to  cool  flowly  in  a  veffet  from  whto 
a  part  of  the  melted  femi-metal  may  tun  oUt,  theremsfc- 

ing  part  cry flaliizes  into  needled  prifriis.  M.  Mongez  ufo 

for 

•  Kirwan  gives  the  name  of  tutenag  to  a  variety  of  ihc  Knr^' 
calamine  of  China,  bf  which  M.  Engcrftrom  has  given  an  anil;---^ 
in  the  Memoirs  of  Stockholm,  1775.  That  ore  is  very  rich,  i"- 
contains  from  tVj  to  -j.^j  of  ilnc;  i  ^ 
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for  this  purpofe  a  roafting  pot  with  feveral  holes  in  its 
fides  and  bottom,  which  he  flops  with  earth  of  bones. 
When  the  furface  of  the  zinc  cools,  all  the  holes  are 
gradually  flopped  ;  and  the  metal  is  flirred  with  a  red 
Iron  introduced  by  one  of  them.  This  fimple  pro* 
cefs  caufes  the  melted  zinc  to  run  obt ;  and  the  roaft- 
ing pot  is  then  fliaken  till  the  metal  ceafe  to  run,  and 
the  portion  which  is  cool  cryftallize.  If  left  in  the 
veflel,  it  takes  a  metallic  colour :  if  expofed  to  the  air, 
it  affumes  the  ftiades  of  the  rainbow.  When  melted  zinc 
is  brought  into  contact  with  the  air,  it  is  covered  with  a 

* 

grey  pellicle,  which  is  foon  converted  into  a  yellowifli 
oxide,  not  very  refraftory,  but  eafily  reducible.  This 
oxide  weighs  more  than  the  zinc  of  which  it  is  formed; 
but  if  the  femi-metal  be  violently  heated,  it  burns  with 
a  white  or  a  greenilh  yellow  flame,  which  is  very  bril- 
liant, and  reiembles  the  flame  of  phofphorus.  The  oxide 
is  carried  up  and  volatilized  by  the  current  of  this, 
fiame,  but  condenfes  in  the  air  into  the  form  of  very 
little  white  flakes,  which  are  called ^^T^^rj  cf  zinc^  poni" 
phcliXj  nihil  alburn^  philofophical  wool  or  cotton.  They 
are  a  thoroughly  calcined  oxide  of  zinc ;  and  their  gra- 
vity is  greater  than  that  of  the  femi-metal  from  which 
tJiey  arc  formed  :  for  M.  Baume  obtained  fixteen  oun- 
ces fix  drachms  and  fifty  four  grains  of  this  oxide  from  a 
pound  of  zinc.  It  is  not  volatile  of  itfelf ;  and  its  fub- 
limation  is  owing  to  the  rapadity  with  which  the  zinc 
burns  ;  for  if  this  oxide  be  expofed  to  fire  after  being 
volatilized,  it  remains  fixed  :•  it  retains  a  phofphoric 
If -^ht  which  it  difplays  in  the  dark ;  it  melts  into  a  glafs; 
but  a  very  intenfe  heat  is  requifite  :  Vitrified  oxide  of 
zinc  is  of  a  beautiful  pure  yellow  colour. 

The 
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The  oxide  and  the  glafs  of  zinc  are  nothing  but  a 
combination  of  the  femi-metal  with  oxigene,  or  the  bale 
of  vital  air.'  The  only  difference  between  the  wtii'c 
oxide  and  the  glafs  feems  to  be,  that  in  the  latter  the  prin- 
ciples are  more  intimately  united.  This  corapouDdii 
one  of  thofe  metallic  oxides  which  are  indeftrufiible; 
nor  can  it  be-  reduced  without  the  addition  of  anotbsr 
body.  In  order  to  reduce  it,  we  muft  bring  it  into 
contaft  withTome  combuftible  fubftance.  Onexpofic^ 
to  an  intenfe  heat  a  mixture  of  white  oxide  of  yk 
■with  coal  or  any  other  combuftible  matter,  zinc  is  ob- 
tained ;  and  the  coal  is  partly  burnt  by  means  of  tk 
oxigene,  of  which  it  robs  the  metallic  oxide.  Zincbai 
therefore  lefs  affinity  than  coal  with  oxigene,  thougb  ii 
appears  to  be  the  more  combuftible  of  the  two.  Tm 
operation  fucceeds  beft  in  clofc  veffels :  and  we  arc 
told,  that  the  Englifti  reduce  lapis  calaminaris  by  dillil* 
lation. 

Zinc  is  fcarce  alterable  by  air  :  only  its  furfaceisa 
little  tarnlflied,  and  it  feems  beginning  to  oxidate. 

Water  afts  powerfully  on  zinc  when  the  femi-metdl 
begins  to  become  red-hot.  Jt  eafily  reduces  zinc  toaa 
oxide,  giving  out  at  the  time  a  good  deal  of  hydroge- 
nous gas,  which  fhows  that  it  is  dedompofed  by  thefcmi* 
metal,  which  with' the  help  of  an  high  temperature  de- 
prives it  of  its  oxigene.  Meffrs  Lavoifier  and  Meii> 
nier  were  fully  convinced  of  this  fa£l  by  their  cxpen- 
ments  on  the  decompofition  of  water-  A  little  carbo- 
naceous  matter  from  the  zinc  is  held  in  folution  bytt^ 
hydrogenous  gas  obtained  in  this  procefs. 


'Ik: 
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Zinc  has  no  power  of  aftion  on  filiceous  or  on  alumi- 
nous earth ;  but  its  oxide  enters  into  vitreous  com- 
pounds, and  communicates  a  yellow  colour  to  glafs. 

Neither  barytes,  nor  magnefia,  nor  lime,  afts  upon 
zinc. 

When  liquor  of  cauftic  potafli  or  foda  is  boiled  over 
this  femi-metal,  it  blackens  its  furface,  and  diflblves  a 
certain  quantity  of  oxide,  which,  as  M.  de  Laflbnne  has 
(hown,  may  be  feparated  from  it  by  acids.  Ammoniac 
ads  lefs  eflcduaily  on  zinc  hot,  on  account,  no  doubt, 
of  its  volatility :  when  it  is  digefted  cold,  however,  over 
zinc,  it  diflblves  a  little  of  it.  In  the  folution  of  zinc 
by  the  three  alkalis,  a  certain  quantity  of  hydrogenous 
gas  is  difengaged;  the  produftion  of  which  is  owing  to 
the  decompofition  of  the  water  :  fo  that  it  is  this  fluid 
which  a£i:s  on  the  femi-metal,  reduces  it  to  an  oxide, 
and  renders  it  in  part  fqluble  in  alkalis. 

The  fulphuric  acid,  diluted  in  ^"ater,  diflblves  zinc 
cold.  As  the  folution  takes  place,  the  femi-metal  af- 
fames  a  blackifli  grey  ;  a  confiderable  degree  of  heat 
is  excited ;  and  a  black  powder  is  precipitated  ;  the  na- 
ture of  which  was  long  unknown,  but  which  is  now- 
known  to  ht  plumbago :  a  good  deal  of  hydrogenous  gas, 
with  a  little  carbonaceous  matter  diflblved  in  it,is  difenga- 
ged. This  elaftic  fluid,  whicbhasthe  fame  fmell  as  thegas 
obtained  when  iion  is  diflblved  by  the  fame  acid,  is  cer- 
tainly owing  tO'the  water;  for  the  concentrated  fulphu- 
ric acid  never  diflblves  zinc  without  the  help  of  heat, 
and  the  gas  which  it  then  affords  is  fulphureous.  The 
water,  therefore,  begins  with  oxidating  the  zinc,  and 
the  acid  then  diflblves  the  oxide  of  the  femi-metal. 
When  hydrogenous  gas  is  no  longer  difengaged,  the  ef- 

fefvcfcence 
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fervefcence  ceafes,  and  the  fmell  of  the  folution  change?, 

becommg  perfe£lly  the  fame  ifivith  that  of  gteafe  a  liule 

rancid.     The  liquor  is  whitifli  and  fomewh^t  turbid : 

by  dilution  in  ^vater  it  becomes  tranfparent.     When 

evaporated  it  affords  a  white  fulphate  of  zinc,  rather 

more  folable  in  hot   than  in  cold  water  j  of  which  a 

portion  cryflallizes  by  cooling.     Tliis  fait  may  be  eafily 

enough  obtained  in  very  regular  crydals,   which  are 

ufed  in  the  arts  under  the  name  of  white  copp€rasy  whin 

litriol,  Gojlard^s  vitriol.     On  expofing  to  the  air  for  a 

few  days  a  folution  of  this  fait  in  boiling  water,  a  littk 

evaporated,  it  affords  tetrahaedfal  prifms,  terrhinatingla 

pyramids  having  likewife  four  fides  :  the  fides  of  thefc 

prifms  are  fmooth.     Such  is  the  form  which  Mcffrs  Sage 

and  Rome  de  Lille  afcribe  to  them,  and  mv  obferva. 

tions  enable  me  to  confirm  what  they  have  advanced 

Bucquet  observed  the  prifms  to  be  rhomboidal ;  yet  M. 

Monnet  afferts,  that  it  is  very  didiciilt  to  make  this  fait 

cryftallize,  and  that  it  is  obtained  in  regular   cryftaJs 

without  confiflency,  by  being  violently  evaporated  and 

fuddenly  cooled.     The  white  oxide  of  zinc  likewife  dif- 

folves  in  the  fulphuric  acid,  forming  the  neuttal  fait  of 

which  we  are  fpeaking. 

I 

Tins  fait  has  a  pretty  ftrong  flyptic  tafle.  According 
to  Hellot,  it  lofes  a  part  of  its  acid  by  the  aftion  of  fire. 
That  acid  pofftffes  the  characleriflic  properties  of  the 
fulphu'reous  acid:  it  becomes  hot  when  mixed  with  the 
concentrated  fulphuric  acid^  as  has  becii  remarked  by 
Macquer.  Afrer  being  expofed  to  the  aSion  of  fire, 
this  fulphate  of  zinc  appears  to  be  converted  into  fu!- 
phite  of  zinc  ;  the  properties  of  which  are  not  well 
known.    Sulphate  of  ?inc,  when  very  pure,  fuffers  fcarce 
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any  alteration  from  air:  in  time  its  oxide  becomes  more 
completely  calcined  by  abforbing  more  oxigcne :  it 
then  becomes  yellow,  and  not  entirely  foluble  in  wa- 
ter. Sulphate  of  zinc  is  decompofed  by  aluminous 
earth,  barytes,  magnefia,  lime  and  the  three  alkalis. 
The  oxide  of  zinc  precipitated  by  thefe  fubftances  may 
be  again  difTolved  in  acids,  and  even  in  alkalis.  Am- 
moniac acquires,  in  this  folution,  a  dirty  brown  colour. 
Sulphate  of  zinc  decompofes  nitre,  and  is  itfelf  decom- 
pofed by  that  neutral  fait.  By  diililling  this  mixture, 
two  kinds  of  nitrous  acid  are  obtained,  which  do  not 
mingle  together,  as  well  as  glacial  fulphuric  acid.  We 
will  fpeak  :more  particularly  on  this  matter  under  the 
article  fulphate  of  iron,  or  martial  vitrioU 

We  find  in  commerce  a  fulphate  of  zinc  under  the 
name  of  white  copperas^  which  is  prepared  in  the  great 
way  at  Goflard.  Blende  is  roafted  ;  a  portion  of  the 
fulpbur  then  burns,  and  affords  fulphuric  acid,  which 
diifolves  the  oxide  of  zinc.  The  ore  is  next  wafh- 
ed ;  and  the  lixivium,  after  being  fuifered  to  fettle, 
is  decanted  o^,  evaporated,  and  thus  cryftallized. 
This  fait  is  then  melted  by  a  moderate  he;!t,  in  order 
to  free  it  from  the  water  of  its  cryftals,  and  left  to 
cool.  By  this  procefs  it  is  condenfed  into  white,  opaque^ 
and  grained  maffes  like  fugar.  Vitriol  of  Go/lard^ 
when  difTolved  in  boiling  water,  cryftallizes  by  cooling; 
and  its  crvflals  are  a  little  reddifh.  The  colour  is  afcri- 
bed  to  the  impurities  of  the  fait :  which  is  thought  to 
contain  a  fmall  portion  both  of  lead  and  of  iron.  To 
purify  it„a  little  zinc  may  be  caft  into  the  folution.  This 
femi-mctal  precipitates  the  oxide  of  lead  and  iron,  be- 
caufe  it  has  a  greater  affinity  with  the  fulphuric  acid 

than 
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than  they  have.     The  liquor  is  now  filtrated  ;  and  at 
ter  paffing  through  the  filter,  contains  nothing  but  pure 
fulphate  of  zinc.     What  efpecially  leads  us  to  think  it 
oxide  of  iron  which  often  d]itr$  iht  vitrioi  of  Gojluni 
is,  that  the  zinc  which  paffes  in  commerce  is  fomeiimes 
attracted  by  the  loadftone  ;  a  property  which  it  muii 
no  doubt,  owe  to  iron.     If  a  perfon  were  to  make  ex- 
periments, therefor^,  on  this  femi-metal,  it  would  be 
proper  to  ufe  no  fpecimens  but  fach  as  he  had  himftll 
"prepared  by  reducing  precipitate  of  fulphate  of  zinc,  af- 
ter purifying  it  as  we  have  direfted.     We  mud,  how- 
ever, obferve,  that  the  feafon  why  pigs  of  zinc  are  at- 
tracted by  the  loadftone  at  the  part  where   they  have 
been  cut,    is   often  nothing   but   their   having  bees 
cut  with  iron  fclffars  or  wedges. 

The  nitric  acid,  when  weak  and  diluted  in  waitrr, 
combines  with  zinc  cold,  and  with  great  rapidity,  A 
confiderable  heat  is  produced  on  this  occafion,  as  Keli 
as  when  the  fame  femi-metal  Is  diffolved  in  the  fulphurk 
acid.  The  lively  efFervefcence  which  takes  place  wht: 
this  combination  is  efFefted,  occafions^the  difengage- 
ment  of  a  'great  quantity  of  nitrous  gas,  which  the  air 
renders  inftant-ly  red  when  the  operation  is  performeJ 
in  an  open  vefl'el :  but  by  itfelf  this  gas  is  colourlef? ; 
and  it  may  b.e  collected  under  water  by  immerfing  is- 
to  a  quantity  of  that  fluid  the  extrenflty  of  the  veu! 
containing^  the  mixture.  This  experiment  proves  :hy. 
zinc  decompofes  the  nitric  acid  by  robbing  it  of  a  par: 
of  its  oxit^ene.  If  the  zinc  be  mixed  with  a  little  ire:* 
it  is  covered  with  a  reddilTi  ochreous  powder  ;  which  i- 
nothing  but  a  portion  of  that  metal  thoroughly  calo 
ncd  by  the  acid:  ifpui;^,  it  precipitates  fome  flaka^' 
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a  black  matter,  or  carbure  of  iron,  in  the  fame  manner 
as  when  iit  combination  with  the  fulphuric  acid  :  a  much 
greater  proportion  of  oxide  of  zinc  will  remain  dif- 
folved  in  the  nitric  than  in  the  fulphuric  acid.  M« 
Baume  fays,  fix  ounces  of  this  acid  diffolve  five  drachms 
and  an  half  of  zinc  in  lefs  than  two  hours.  The  nitric 
folution  of  zinc  is  of  a  greenifli  yellow  colour,  and  a 
little  turbid  when  new  made  ^  but  after  being  fuilbred 
to  fettle  for  fome  time,  it  lofes  this  colour  and  becomes 
tranfparent.  Altho'  the  acid  with  which  it  is  made  Jbc 
diluted  in  water ;  yet  it  is  fo  very  cauftic  as  to  corrode 
the  (kin.  I  obtained  from  this  folution  by  evaporation 
and  cooling,  cryftals  in  compreffed  and  fi:riated  tetra- 
ha^dral  prifms,  terminating  in  four-fided  ftriated  pyra- 
mids. When  this  nitrate  ©f  zinc  is  placfcd  on  burning 
coals,  it  immediately  melts  and  runs  into  feparate  por- 
tiDns,  which  detonate  as  they  become  dry;  and  the 
detonation  is  attended  with  a  faint  reddiih  flame.  It 
does  not,  however,  exhibit  the  fame  phaenomenon  when 
melted  in  a  crucible  :  it  cannot  then  be  dried  even  by 
the  mod  moderate  h^at  without  fuffering  fome  altera- 
tion.  Nitrous  gas  efcapes  from  it ;  its  colour  becomes" 
a  brown  red,  and  its  confillency  gelatinous.  If  cool- 
ed when  in  this  ftate,  it  retains  its  foftnefs  for  •  fome 
time;  and  if  the  application  of  heat  be  continued,  it 
dries  fuddenly  up  into  a  yellowilh  oxide.  Hellot  ob- 
tained from  nitrate  of  zinc  by  diftillaiion  a  very  fuai- 
in;^  nitrous  acid  ;  and  obfervcd  it  to  aflume  a  red  co- 
lour in  melting,  it  may  be  underftood,  that  when  heat 
dilengages  nitrous  gas  from  this  fait,  it  paiTes  into  tifc 
ftate  of  i^iiriie  of  'zinc  :  It  aft'orJs  alfo  a  certain  quantity 
of  ovigenous  gas  or  vital  air.     Nitrate  of  zinc^  readily 
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attrafts  the  moflure  of  the  atmofphere  ;  on  which  event 
it  lofes  its  regularity  of  form.  What  remains  of  the 
cryftals  of  this  fait,  after  a  few  days  expofure  to  the  air, 
is  only  flriated  pointed  prifms  without  any  determinate 
form.  We  know  not  whether  it  be  decompofable  by 
other  acids.  Meflrs  Pott  and  Monnet  affirm,  that  oxide 
of  zinc  has  a  (Irong  affinity  with  all  thefe  falts  ;  but  docs 
not  combine  with  any  one  of  them  in  preference  to  the 
red.  According  to  Hellot,  oxide  of  zinc  forms  the 
fame  fait  by  folution  in  the  nitric  acid.  If  nitrous 
acid  be  employed  to  effe&  this  folution,  nitrite  ot 
zinc  is  produced  \  the  nature  of  which  is  not  exad!} 
known. 

The  muriatic  acid  ads  on  zinc  in  as  rapid  a  manDer 
as  the  nitric  acid.  A  confiderable  quantity  of  hydro- 
genous gas  is  difengaged  during  the  lively  efiervefcesce 
with  which  this  a£t  of  combination  is  accompanied:  it& 
properties  are  the  fame  with  thofe  of  the  hydrogenou! 
gas  produced  by  the  fulphuric  acid  afting  upon  this 
femi-metal ;  and,  as  in  that  inftahce,  it  arifes  from  the 
water  decompofed  by  the  zinc.  A  blackifli  matter  is 
gradually  depofited  in  flakes  by  the  liquor ;  which  can 
be  nothing  but  a  combination  of  carbonaceous  matter 
with  iron.  The  folytion  of  zinc  by  the  muriatic  aciJ 
is  colourkfs  ;  nor  does  it  afford  cryftals  by  evaporation* 
When  heated,  it  aflumes  a  blackifli  brown  colour,  ex- 
Kales  the  acrid  and  pungent  vapours  of  the  muriatic 
acid,  and  becomes  much  thicker  :  it  has  been  expoi'eJ 
to  the  air  in  this  fl:ate  for  eight  days  without  givin: 
cryftals.  By  diftillation  it  affords  a  fmall  portion  c* 
very  fuming  muriatic  acid  and  folid  fufible  muriate  c: 

zinc.    MefTrs  Hsllot  and  Monnet  have  given  very  gocJ 
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defcriptioiu  of  this  operation.     In  my  courfes  of  Uc- 
tares.  I  have  repeated  it  feveral  times,  and  have  obtain- 
ed, firft,  a  fmall  portion  of  yellowiih  acid,  and  after- 
wards a  congealed  matter  in  the  neck  of  the  retort. 
This  muriate  of  zinc  was  of  a  beautifiil  milk-white  co- 
lour, very  folid,  and  formed,  like  ftala£tires,  of  fmall  ra- 
diated needles :  it  melts  by  a  mild  heat.     I  preferved 
fome  of  it  for  a  number  of  years  in  welUftopped  glafs- 
flifks ;  it  had  acquired  but  little  moifture  in  all  that 
time  ;  the  parts  which  touched  the  gtafs  were  become 
a  little  yellowiffa,  and  the  bottom  of  the  glafs  wasx:oIour«» 
ed  like  a  rainbow.     This  iteration  is  no  doubt  the  ef- 
fect of  light.     In  the  retort  ufed  in  the  above  procefs  of 
diftillation  there  remains  a  vitriform  and  dcliquefcent 
blackifli  matter.     The  muriate  of  zinc  which  Hellot 
obtained  by  diftillation  was  yellowiih ;  the  fulphuric 
acid,  he  fays,  difengages  the  muriatic  acid.     We  know 
nothing  of  oxiginated  muriate  of  sine. 

The  liquid  carbonic  acid,  when  zinc  or  oxide  of  zinc 
is  put  to  digeft  in  it,  diflblves,  according  to  Bergman, 
a  pretty  conHderable  quantity  of  it  in  the  fpace  of  twen- 
ty four  hours.  This  iblution,  when  expofed  to  the  air, 
is  covered  over  with  a  pellicle  which  reflefts  various 
colours,  and  is  adually,  according  to  the  celebrated 
chemift  above  quoted,  carbonate  of  zinc. 

We  are  not  as  yet  well  acquainted  with  the  manner 
In  which  the  fluoric  and  the  boracic  acids  a£l  upon 
zinc. 

All   folutions  c^  zinc  in  acids  are  precipitated  by 

li. Tie- water,  magne/ia,  fixed  alkali,  and  ammoniac.    The 

3:cfde  of  this  metal  then  appears  in  the  form  of  white  or 

rellowifli  flakes,  according  to  the  flate  of  the  folution 
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an^  the  purity  of  the  precipitant.  It  may  be  reduced 
by  means  of  zinc :  it  is  foluble  in  acids  and  alkalis.  By 
adding  more  alkali  than  is  requifite  to  precipitate  the 
oxide  of  zinc  diflblved  in  an  acid,  the  precipitate  is  cau- 
fed  to  difappear  gradually,  and  the  liquor  to  affume  a 
dirty  yellow  colour ;  an  indication  that  the  oxide  is  di(- 
folved  in  the  alkali.  When,  inftead  of  pure  or  cauftic 
alkalis,  carbonate  of  potaih,  foda,  or  ammoniac  is  em- 
ployed to  feparate  zinc  from  acids^  there  is  fcarce  any 
effervefcence ;  the  precipitate  is  whiter  than  in  the 
former  cafe,  and  the  carbonic  acid  appears  to  unite  with 
the  oxide  of  zinc  ;  fo  that  in  this  cafe  there  are  two  de- 
compofitions  and  two  new  combinations. 

Zinc  decompofes  a  number  of  the  neutral  (alts: 
When  expofed  to  fire  in  a  crucible  with  fulphate  of 
potafli,  it  decompofes  that  fait,  and  forms  fulphure  of 
potaih,  in  the  fame  manner  as  antimony.  In  this  pro- 
cefs,  the  zinc  feizes  the  oxigene  of* the  fulpburic 
acid  ;  and  the  acid  pafling  into  the  ftate  of  fulphur,  is 
then  diflblved  by  the  potaih :  the  fulphure  formed  br 
this  combination  diflblyes  a  portion  of  the  oxide  of  i 
zinc.  All  fulphates  are  equally  liable  to  be  dfecompof&i 
by  zinc. 

When  this  metal  is  reduced  to  filings  or  powder,  i: 
makes  nitre  detonize  with  amazing  rapidity.  If  tbe 
mixture  be  made  very  dry,  and  call  by  fpoonfuls  intc 
a  red  crucible,  it  produces  a  clear  red  flame.  ^  vi- 
gorous is  this  inflammation,  that  it  darts  the  bumiii: 
matter  to  a  diilance  from  the  crucible ;  which  ren^kn 
it  neceifary  for  the  operator  to  be  very  cautious.  Tee 
zinc  burns  with  the  help  of  the  oxigene  of  the  nitre 
which  is  decompofed,  and  is  reduced  to  an  oxidej  whici: 
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is  more  or  lefs  complete  according  as  a  greater  or  a  lefs 
quantity  of  nitre  has  been  employed.  A  part  of  the  re- 
fidue  is  foluble  in  water.  That  part  confills  of  potafh  in 
combination  with  fo  much  of  the  oxide  of  zinc,  and 
may  be  precipitated  by  acids.  Refpour  afcribed  to  this 
foludon  the  property  of  diifolving  all  metals ;  if  we 
may  believe  Hellot,  who  has  given  it  as  the  alkabejl  of 
that  alchemifl. 

Zinc  appears  from  Pott's  experiments  to  be  capable 
of  decompofing  muriate  of  foda.  It  a£ts  with  peculiar 
force  in  decompofing  ammoniacal  muriate :  M.  Monnet 
affirms,  that  when  this  fait  is  triturated  with  the  femi« 
metal,  there  is  ammoniac  difengaged.  Bucquet  has  ob* 
ferved,  that  when  this  fait  is  diftilled  with  zinc,  a  good 
deal  of '  ammoniac  gas  is  obtained,  as  weU  as  of  hy« 
drogenous  gas,  produced  when  the  muriatic  acid  enters 
into  combination  with  the  femi-metal.  The  difen- 
gagement  of  the  ammoniac,  fo  eafily  efiefted,  he  per« 
cdved  to  be  owing  to  the  lively  re-a&ion  of  the  zinc 
on  the  muriatic  acid.  Oxide  of  zinc  is  alfo  difenga- 
ged on  the  occafion,  according  to  Hellot.  The  refidue 
of  this  decompofition  is  muriate  of  zinc,  which  may  be 
rublimated. 

When  a  folution  of  aluminous^  fulphate  is  boiled 
Rrith  filings  of  zinc,  it  is  decompofed,  and  fulphate  of 
zinc  is  formed  in  confequence  of  its  decompofition. 
rhe  bafe  of  that  fait  therefore  appears  to  have  lefs  affi« 
lity  than  zinc  with  the  fulphuric  acid.  We  owe  this 
ad  to  Pott.  We  will  hereafter  have  occafion  to  make 
L  fimilar  obfervation  concerning  feveral  other  metallic 
ubftances. 
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The  effefts  of  hydrogenous  gas  on  zinc  haT?  not  yet 
been  attended  to ;  only  I  have  obferved,  that  if  the 
femi-meta!  be  immerfed  into  the  gas,  it  afiumes  after 
fome  time  a  very  bright  changeable  blue  colour;  but 
I  have  not  purfued  this  alteration  farther.  It  dees 
not  reduce  the  oxide  of  this  fenH-metal,  which  re- 
tains its  oxigene  with  fo  much  force  as  even  to  decom- 
pofe  water. 

Zinc  appears  at  firfl  to  be  almoft  incapable  of  com- 
bining with  fulphur.  When  thefe  two  fubftances  ars 
melted  together,  they  melt  without  entering  into  an? 
kind  of  union.  Yet  M.  Dehne  has  obferved,  that  if 
they  be  kept  together  in  fufion  for  fome  time,  the  zinc 
is  partly  calcined,  affumes  a  brown  or  a  grey  colour, 
and  acquires  an  increafe  of  weight.  M.  de  Morveaa 
has  fince  difcovered,  that  oxide  of  zinc  combines  eafilf 
with  fulphur  by  fufion,  producing  by  this  combination  a 
grey  mineral,  very  like  the  blende  ^  Huelgoet.  Sook- 
times  bright  yellow  prifmatic  needles  are  found  ffick- 
ing  to  the  lid  of  the  crucible  in  which  this  combinatioa 
is  accomplifhed.  M.  de  Morveau  obferves,  that  it  is 
the  more  probable  that  the  natural  blende  is  formed  bj 
the  combination  of  oxide  of  zinc  with  fulphur,  as  vc 
find  no  native  zinc. 

M.  Malouin  did  not  fucceed  in  combining  zinc  with 
alkaline  fulphure,  though  he  attempted  it  both  ia 
the  humid  and  the  dry  way,  and  with  various  propor- 
tions of  the  fubftances. 

The  fame  chemift  combined  zinc  with  arfenic.    He 

has  obferved  that  it  does  not  unite  fo  well  with  the 

oxide  of  arfenic.     However,  in  an  experiment  in  whica 

he  diftilled  a  mixture  of  oxide  of  arfenic,  tallow,  anJ 
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zinc,  he  obtained  a  blackifli  mafs  refembling  blende, 
but  fofter  than  that  ore.  It  appears  like  wife,  that 
when  zinc  and  oxide  of  arfenic  are  didilled  together, 
the  former  deprives  the  latter  of  a  part  of  its  oxigene  ; 
for  part  of  the  iemi-metal  is  calcined,  while  part  of  the 
oxide  pafles  into  the  metallic  (late.  It  would  be  of 
confiderable  fervice  to  chemiftry  to  determine,  by  a 
feries  of  experiments,  the  reciprocal  adion  of  metals 
and  metallic  oxides ;  together  with  the  various  degrees 
of  affinity  with  which  oxigene  adheres  to  each  of  thefe 
fubftances. 

We  know  not  whether  it  be  poflible  to  combine  zinc 
with  cobalt. 

It  does  not  combine  with  bifmuth  ;  and  when  thefe 
two  femi«metals  are  melted  together,  the  bifmuth,  be- 
ing the  moft  ponderous  of  the  two,  finks  under  the 
zinc,  and  they  may  be  feparated  by  a  blow  with  an 
hammer. 

When  zinc  is  melted  "^ith  antimony,  it  gives  ast 
hard  brittle  mixture,  which  Malouin  only  mentions. 

Zinc  is  of  great  ufe  in  the  arts.  It  enters  into  feveral 
metallic  mixtures  ;  particularly  in  tombac  and  princess 
metaL  Filings  of  zinc  are  mixed  with  powder,  to  pro- 
duce bright  fparkling  artificial  ftars  in  fire-works.  Se- 
veral perfons  have  propofed  the  ufe  of  this  metal  as  be- 
ing ftill  more  effcclual  than  tin  for  plating  over  the  inner 
parts  of  copper  vefTcls.  Malouin,  after  comparing  thefe 
two  metallic  fubftances,  in  two  Memoirs,  which  appear 
among  thofc  of  the  Royal  Academy  of  Sciences  for  the 
years  1743  and  1744,  gives  an  account  of  fome  ex- 
periments which  he  made  concerning  the  plating  of 
copper  vcflfels  with  zinc.     The  refult  of  his  refearches 
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is,  that  this  kind  of  plating  might  be  more  exadlj 
fpread  over  the  copper,  and  would  be  much  harder 
and  much  lefs  liable  to  melt  than  a  plating  of  tin ;  and 
of  confequence  more  tailing,  and  lefs  likely  to  M  oS 
the  copper.     Macquer  acknowledges  thefe  advantages, 
but  makes  fome  very  important  obfervations  on  theuft 
of  zinc  for  plating  kitchen  utenfils.     He  thinks  it  dan- 
gerous, becaufe  it  is  foluble  in  vegetable  acids,  fuchai 
vinegar,  verjuice,  &c.  and  is  a  pretty  ftrong  emetic 
He  proves  this  laft  fafl:  by  vitriol  of  zinc,  which  vt^ 
formerly  adminiftered  to  excite  vomiting,  under  iht 
name  of  gilla  vitriolic  and  referring  to  Gaubius,  who 
mentions   a   celebrated  remedy  for  convulAve  com- 
plaints, known  by  the  name  of  lunajixaia  Ludenum^ 
as  being  fublimated  oxide  of  zinc.     This  luna  fixati 
was  a  flrong  emetic,  and  was  adminiftered  in  very  fmail 
dofes.     But  may  we  not  prefume  that  thefe  obfem* 
tions  can  refer  only  to  fulphate  of  zinc,  and  to  the  oxicc 
of  that  femi-metal,  and  refpeft  neither  the  femi-inetii 
itfelf,  nor  the  falts  which  it  forms  by  combining  viri 
vegetables  ?  M.  de  la  Planche,  doftor  in  medicine  ^ 
the  faculty  of  Paris,  has,  by  a  fet  of  experiments  maJe 
with  care  upon  himfelf,  determined  thefe  conjeduri 
to  be  not  only  plaufible,  but  certainly  true.     He  f«x 
lowed  falts  formed  -by  zinc  with  vegetable  acids,  is 
much  ftronger  dofes  than  what  could  poffibly  be  con- 
tained in  any  aliments  prepared  in  copper  veffels  pht:: 
with  tin,  without  fuffering  from  them  any  bad  efilc^ 
However,  as  too  much  attention  cannot  be  paid  * 
whatever  concerns  the  health  and  lives  of  mankind  :* 
general,  it  would  certainly  be  highly  improper  to  for 
any  decided  opinion  concerning  this  matter,   till  ii  !- 
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determined  by  a  great  many  experiments  in  what  man- 
ner  zinc  and  the  falts  which  it  forms  with  yegetable  a- 
cids  can  affed  the  animal  oeconomy. 

The  German  phyficians  employ  fublimated  oxide  of 
zinc  fuccefsfiilly  as  an  antifpafmodic  in  convulfions  and 
epileptic  fits.  It  is  not  much  ufed  in  France.  It  might, 
however,  be  of  fome  utility  if  given  in  pills,  and  in  do- 
fes  of  half  a  grain  a- day.  I  am  told,  that  at  Edinburgh 
a  much  more  confiderable  dofe  has  been  given  without 
any  fenfible  effe&s.  This  fa£t  contradifts  what  Gaubius 
tells  of  the  emetic  powers  of  zinc. 

Pompbelix^  tuitiaj  &c.  are  iifed  as  excellent  deficca* 
tives  for  humours  affefting  the  eyes,  &c. 
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CHAP.    XV. 


Of  Mercury, 


MERCURY,  or  quickfilver,  has  the  opacity  and 
brilliancy  of  metals  \  next  after  gold  and  pla- 
tina,  it  is  the  mod  ponderous  fubflance  known.  A  cu- 
bic foot  of  mercury,  if  very  pure,  weighs  nine  hun- 
dred  and  forty-feven  pounds ;  in  water  it  lofes  one- 
thirteenth  of  its  weight.  As  it  is  habitually  Quid,  "^t 
know  nothing  concerning  its  duftility  or  tenacity,  ari 
are  at  a  lofs  what  rank  to  afiign  it  among  metals 
However,  its  exceffive  weight,  habitual  fluidity,  ex- 
treme volatility,  together  with  the  fmgular  aiterj- 
lions  which  it  is  liable  to  fuffer  by  combination,  cauii 
it  to  be  confidered  with  great  probability  as  a  pecu- 
liar fubftance,  not  otjierwife  related  to  metallic  mar- 
ters,  but  by  its  brilliancy,  gravity,  and  combuflit::> 
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ty;  which    might  therefore  be  with  more  propriety 
cbfled  by  itfelf. 

It  was  long  thought  that  mercury  could  not  lofe  its 
fluidity ;  but  the  academicians  of  Peterfburgh  have  pro- 
ved the  contrary.  Thofe  philofophers  made  a  number  of 
experiments  upon  it  during  the  fevere  cold  of  the  year 
1759,  by  a  mixture  of  fnow  with  fuming  fpirit  of  nitre, 
till  the  mercury  fell  in  a  thermometer  graduated  after 
de  Liile  to  a  1 3  degrees,  correfponding  to  46  degrees 
below  the  freezing  point  in  Reamur's  thermometer. 
Thofe  gentlemen,  obferving  that  the  mercury  then  cea*- 
fed' to  (ink,  broke  the  glafs  in  which  it  was  contained, 
and  found  it  frozen  into  a  folid  body,  which  might  be 
beaten  out  by  the  hammer.  From  this  experiment  it 
appears  that  mercury  is  fufceptible  of  concretion  like 
other  metallic  fubftances  ;  and  in  that  ftate  poflefles  a 
certain  degree  of  ductility.  They  could  not  exadly  efti- 
mate  the  duftility  of  mercury  ;  for  at  every  ftroke  of 
the  hammer,  fome  point  of  the  metal  became  fo  hot  as 
to  melt  and  run. 

M.  Pallas,  in  the  year  1772,  fucceeded  in  effefling 
the  ccHigellation  of  mercury  at  Krafnejark,  by  a  natural 
cold  of  554*  degrees  ;  and  obferved,  that  it  then  refem- 
bled  foft  tin ;  that  it  might  be  beaten  out  into  thin 
plates ;  that  it  might  be  eafily  broken,  and  the  frag- 
ments, when  placed  near  each  other,  united  of  them* 
fclves.  Mr  Hutchins,  in  1775,  obferved  the  fame  fafts 
at  Fort  Ajbany ;  and  Mr  Bieker  at  Rotterdam  in  1 776, 
at  ^6  degrees  below  Zero.  At  laft,  in  the  year 
^7^3j  the  congelation  of  mercury  was  effefted  in 
England  by  a  more  moderate  heat ;    and    32    de- 

grec^ 
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grees  under  Zero,  in  Reaumer's  thermometer,  vs 
determined  to  be  the  term  at  which  this  congeb. 
tion  takes  place.  The  mercury's  falling  lower  in  for* 
mer  inftances,  is  therefore  to  be  afcribed  to  the  cod- 
tradion  or  condenfation  of  the  folid  metal.  Mercury 
is  therefore  the  moft  fufible  metal  known ;  the  moft  in- 
tenfe  cold  that  is  known  in  thofe  countries  in  which  it 
is  native  is  never  fufficient  to  render  it  folid.  Probably, 
if  in  the  above  experiments  the  cold  which  firoze  mer- 
cury had  been  gradually  applied  to  it,  it  would  hare 
caufed  that  metallic  matter  to  aflurne  a  r^ular  cryftal- 
line  form. 

The  habitual  fluidity  of  mercury  has  caufed  it  to  be 
confidered  as  a  peculiar  metallic  water,  and  it  hasbea 
called  aqua  non  madefaciens  manuj;  water  that  docs 
not  wet  the  hands.  It  is  true,  mercury  does  not  w6 
the  hands,  nor  any  of  thofe  bodies  which  are  liable  to 
be  made  wet  by  water,  oil,  and  other  liquors  :  but  the 
caufe  of  this  phaenomenon  is,  that  there  fubfifts  bet 
little  affinity  between  this  metallic  fluid  and  thofe  bo- 
dies. For,  when  mercury  is  brought  into  contaa 
with  any  fubflanee  with  which  it  can  combine,  fuch 
as  gold,  filver,  tin,  &c.  it  adheres  to  thefe  bodies,  and 
wets  them  to  fuch  a  degree,  that  they  cannot  be  drid 
without  evaporating  over  a  fire  the  mercury  with  which 
they  are  coated. 

Mercury  being  a  metal  in  fufion,  when  divided  into 
fmall  parts  always  takes  a  perfed  globular  form ;  wha 
inclofed  in  a  phial,  its  furface  is  convex.  This  laft  phs- 
nomenon  depends  on  mercury's  having  fo  little  aflJnity 
with  glafs,  and  on  the  ftrong  mutual  attraftion  of  the 
integrant  parts  of  this  metal  j  for  when  mercury  is  pet 
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into  a  metal  veflel  with  which  it  has  an  affinity,  its 
fur&ce  appears  concave,  like  that  of  any  other  fluid, 
as  it  then  combines  with  the  fides  of  the  veflel. 

The  tafte  of  mercury  is  imperceptible  to  the  nerves 
of  the  organs  of  tafte ;  but  it  produces  a  pretty  ftrong 
effeft  on  the  ftomach  and  the  inteftines,  as  well  as 
on  the  furface  of  the  fldn.  Infeds  and  worms 
are  much  more  fenfible  of  its  tafte  than  any  other 
animal.  Mercury  kills  them  very  quickly,  and  is 
therefore  prefcribed  by  phyficians  as  an  excellent 
cure  for  worms.  Some  fkilful  phyficians  have  been 
induced  to  think,  from  its  poflefling  the  power  of 
curing  the  itch  and  feveral  cutaneous  diforders,  that 
thefe  are  occafioned  by  certain  infefts  penetrating  thro' 
the  texture  of  that  organ.  But  this  opinion  has  not 
been  generally  adopted,  though  feveral  naturalifts  have 
defcribed  the  animal  which  caufes  the  itch,  &c. 

Mercury,  when  rubbed  between  the  fingers,  exhales 
a  peculiar  faint  fmell.  If  it  be  ihaken  when  very  pure,  it 
is  fometimes,  and  particularly  in  hot  weather,  obferved 
to  fparkle  with  a  phofphoric  light,  which,  tho'  not  ftrong, 
is  yet  fufEciently  difcernible.  ^  Many  natural  philofo* 
phers  have  obferved  this  of  the  mercury  of  the  barometer. 
On  immerfing  the  hand  into  this  metallic  fluid,  a  per- 
fon  feels  a  fenfation  of  cold,  which  would  fuggeft  that 
its  temperature  is  colder  than  that  of  the  atmofphere : 
but  on  immerfing  a  thermometer,  we  foon  find  the  tem- 
perature of  the  mafs  of  mercury  to  be  the  fame  with 
that  of  the  atmofphere.  This  phscnomenon,  which  e- 
ludes  our  obfervation,  muft  be  entirely  owing  to  the 
i^crcury's  attrafting  the  heat  from  the  hand  with  great 

rapidity  j 
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rapidity ;  for  mercury  is  known  to  be  a  powerful  coo- 
dodor  of  heat. 

When  mercury  is  divided  by  a  rapid  and  continued 
motion,  fuch  as  that  of  a  mill-wheel,  is  is  by  degrees 
converted  into  a  very  fine  black  powder,  called  Ethnf. 
ferfcy  on  account  of  its  colour  :  as 'mercury  is  in  this 
inffance  in  fome  degree  calcined,  we  call  this  powder 
Hack  oxide  of  mercury.  On  being  expofed  to  a  mode- 
rate  heat,  or  triturated  in  an  hot  mortar,  it  recover  its 
fifiial  fluidity  and  metallic  ludre. 

Mercury  is  not  one  of  thofe  metals  which  are  moft 
plentiful  in  nature.  It  is  found  in  the  earth,  either  ma 
irtrgin  ftate,  poifeiling  all  its  properties,  or  in  a  itau 
of  oxide,  or  in  a  combination  with  acids,  fulphur,  and 
feme  other  metallic  matters :  in  this  lad  (late,  it  is 
laid  to  be  mineralized  by  thefe  feveral  fubflances. 

Fluid  mercury  is  found  either  in  globules  or  in  lar- 
ger mailes  in  earths  and  foft  (tones,  and  moft  frequent- 
ly in  the  cavities  and  interftices  of  its  ores.  At  Ydria 
in  Spain,  and  in  America,  it  is  gathered  in  the  cavitie< 
and  clifts  of  rocks.  Sometimes  too  it  is  found  in  clay 
at  Almadcn,  and  in  beds  of  chalk  in  Sicily.  Laftiy,  i^ 
is  found  among  filvcr,  and  lead  ores,  as  well  as  mixc: 
with  white  oxide  of  arfenic. 

M.  Sage  has  difcovered  an  ore  of  mercury  in  oxid: 
from  Ydria  in  Friuli.  ft  is  of  a  red  brown  colour,  very 
foft  and  granulated  in  its  frafture :  globules  of  runnirj 
mercury  are  fometimes  found  in  it ;  it  is  reducible  b; 
heat  without  addition.  Mr  Kirwan  confiders  ir  asJ 
combination  of  oxide  of  mercury  with  the  carbonic  aci  J- 

One  hundred  parts  of  this  ore  afford  9 1  of  mercury. 

I: 
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In  the  year  1776,  Mr  Woulfe  found/  at  Obermur* 
chel  in  the  Duchy  of  Deux-Ponts,  an  ore  of  mercury  ia 
cryftals,  ponderous,  fparry,  white,  yellow,  or  greenifh, 
which,  on  aiTaying  it  with  alkalis,  he  found  to  contaia 
both  futphuric  and  muriatic  acid  :  it  is  a  compound 
of  fulphate  of  mercury  with  corrofive  mercurial  mu- 
riate. M.  Sage  af&rms  it  to  contain  86  parts  of  mer- 
cury to  the  hundred  weight.  The  fame  chemifl:  des- 
cribes a  brown  corneous  ore  of  mercury  found  in  Ca- 
rinthia. 

In  nature,  mercury  is  oftenefl  combined  with  fut* 
phur.  The  compound  which  it  then  forms  h  called 
cinnabar.  This  mineral  fubflance  is  red,  and  has  not 
in  the  fmalleft  degree  a  metallic  appearance  ;  becaufe^ 
though  the  proportion  of  the  fulphur  be  very  fmall,  yet, 
the  two  bodies  are  very  completely  combined  together. 
Cinnabar  is  found  in  the  Duchy  of  Deux-Ponts,  ia 
the  Palatinate,  in  Hungary,  in  Friuli,  at  Almaden  ia 
Spain,  and  in  South  America,  where  it  chiefly  abounds 
at  Guamanga  in  Peru.  It  is  fometimes  in  compact 
mafles,  varying  in  colour  from  a  pale  to  a  deep  and 
blackifli  red ;  fometimes  in  tranfparent  ruby-coloured 
cryftals  ;  and  often  in  a. fort  of  fcales  or  foliated  plates* 
When  in  a  very  bright  red  powder  it  is  called  native 
"uermilion^  or  cinnabar  in  flowers.  Caftly,  it  is  found 
in  various  countries  in  fulphate  of  lime,  and  mixed 
with  iron,  pyrites,  and  filver. 

Mr  Cronftedt,  in  his  mineralogy,  fpeaks  of  an  ore  of 
mercury  in  which  that  fubftance  is  cciibincd  with 
fulphur  and  copper.  That  ore  is  of  a  blackifh  grey  co- 
lour, brittle,  and  ponderous;  its  fra^ure  is  vitreovs^  and 

it 
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it  decrepits^tes  \irhen  expofed  to  £re.  It  is  foilnd  at 
Mufchel-Landfberg. 

''The  fame  mineralogift  afErms,  that  mercury  has  been 
often  found  amalgamated  with  virgin  filver  in  the  ore  of 
Sahlberg  in  Sweden.  M.  Rome  de  Lille  has  in  his  d- 
binet  a  fpecimen  which  he  thinks  to  be  of  this  kind. 

M.  Monnet,  in  his  fyftem  of  mineralogy,  fpeaks  of 
an  ore  brought  from  Dauphiny  in  the  year  1768,  by 
M.  de  Montigny,  which  contains  mercury,  fulphur,  ar* 
fenic,  cobalt,  iron,  and  filver.  He  has  found  it  to  cont^ 
in  the  hundred  weight,  a  pound  of  mercury  and  three 
or  four  ounces  of  filver. 

From  this  ihort  account  of  mercury,  as  it  ex- 
ifts  in  the  interior  parts  of  the  earth,  it  appears  that 
all  its  ores  may  be  arranged  under  the  following  varie- 
ties. 


State  L    Native  mercury. 


In  earths  and  ftones,  but  oftener  in  its  own  ores. 


State  IL    Native  oxide  of  mercury. 


State  III.    Native  fulphate  and  muriate  of  niep 

cury. 


State  /r«    Mercury  mineralized  by  fulphur ;  cin- 
nabar. 

Varicdci. 
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Varieties. 

1 .  Tranfparent  cinnabar,  of  a  red  colour,  and  cry f- 

tallized  in  very  fhort  triangular  prifms,  ter- 
minating in  triangular  pyramids. 

2.  Tranfparent  red  cinnabar  in  o&ohasdral  cryftals, 

confifting  of  two  triangular  pyramids,  joined 
at  the  bottom,  and  truncated. 

3.  Solid    compad    cinnabar,    either  of  a  brown 

red  or  a  clear  red  colour.  It  is  fometimes 
in  leaves. 

4.  Red  cinnabar,  arranged  in  ftri^,  on  a  ftony 

gangue,  or  on  folid  cinnabar.  It  is  fometimes 
needled,  like  cobalt. 

5.  Cinnabar  in  flowers,  native  vermilion.    This  cin- 

nabar is  of  a  fparkling  red  colour  refembling 
fattin,  and  adhering  to  various  gangues  in 
the  form  of  a  very  fine  powder  j  fometimes 
it  is  crydallized  in  very  fmall  needles,  and  it 
is  then  very  like  the  laft  of  the  foregoing  va- 
rieties. 


State  V.    Mercury  combined  with  fulphur  and  cop- 
per :  Cronfl:edt*s  black  vitreous  ore  of  mercury. 


State  VL    Mercury  mixed  with  fulphur,    arfenic, 

cobalt,  iron,  and  filver. 


St^te  VIL     Mercury  mixed  with  filver  :   native  a- 

malgam  of  filver. 

In 
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In  order  to  know  the  nature  of  an  ore  containing 
mercury,  it  mud  be  pounded  and  mixed  with  lime, 
alkalis,  &c.  placed  on  a  warm  brick,  and  covered  irith 
a  bell-glafs  ;  the  mercury  is  then  reduced  to  vapours, 
and  again  condenfed  on  the  fides  of  the  glafs.  It  it  be 
wifhed  to  know  the  quantity  of  the  mercury  which  the 
ore  contains,  then  after  being  pulverized  and  wafted, 
it  is  diflilled  with  fome  matters  capable  of  combiniog 
^th  the  fulphur,  and  fo  difengaging  the  mercur]. 
Water  is  previoufly  put  into  the  receiver,  and  the  mer- 
cury  falls  under  the  water.  By  weighing  the  ore  ex- 
adiy  before  aflfaying  it,  and  afterwards  the  mercury  ob- 
tained  by  diflillation,  it  is  known  what  quantity  of  the 
metal  the  ore  can  afibrd. 

Virgin  mercury  is  eafily  feparated  by  grinding  dovii 
the  flones  with  which  it  is  mixed,  and  diluting  them  in 
water.  The  meta4  is  then  precipitated,  and  the  earti) 
mixes  with  the  water.  In  this  manner  is  the  mercury 
extracted  from  the  ores  of  Ydria  in  Friuli. 

Cinnabar  is  never  roafted ;  becaufe,  as  it  is  volatile, 
it  would  be  diflipated  by  fire.  But  in  nature,  it  is  al« 
mod  always  mixed  wi)h  a  calcareous  or  a  martial  fuS 
fiance,  which  contributes  as  an  intermedium  to  its  (i^ 
compofition  with  the  help  of  fire. 

Anthony  de  Julfieu  has  given,  in  the  Memoirs  of  the  A- 
cademy  for  the  year  1 7 1 9,  a  defcription  of  the  procefs  by 
which  mercury  is  extraded  from  cinnabar  at  Almade: 
in  Spain,  That  ore  contains  iron  with  a  fmall  portio: 
of  calcareous  flone.  It  is  put  into  furnaces  of  the  forn 
of  a  reverberating  furnace  ;  the  furnaces  are  heated  b 
cpmbuftible  matters  put  into  the  afli-pan.  The  furmc: 
has  no  appertures  but  eight  holes  with  which  it  is  perfon- 
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ted  behind.  To  each  of  thde  hoks  a  line  of  alpdels  is  fit- 
ted ;  the  lad  of  which  joins  a  fma^l  building  at  a  pretty 
con/iderable  diilance  from  the  furnace.  Between  the 
furnace  and  the  ftrufture  where  the  rows  terminate 
there  is  a  fmall  terrafs  on  a  level  with  the  apertures  of 
the  furnace  and  the  building.  That  terrace  confills  of 
two  inclined  planes,  which  fupport  the  aludels.  If  the 
aludels  be  any  where  To  uiiikitfully  joined  as  to  fuffer 
the  mercury  to  efcape,  it  is  coliefted  at  the  junfbion  of 
the  inclined  planes  of  the  terrace.  When  the  fire  is 
applied  to  the  cinnabar,  the  iron  and  the  calcareous  (lone 
abforb  the  fulphur;  the  mercury  is  reduced  into  vapour, 
enters  the  aludels,  and  paiTes  towards  the  little  build- 
ing.  After  the  diftiilation,  all  the  aludels  are  conveyed 
into  a  fquare  chamber,  where  they  are  emptied,  and  all 
the  mercury  collefted  into  a  pit  in  the  middle  of  the  cham- 
ber, towards  which  the  floor  is  inclined  all  around  it. 

Anthony  de  Juffieu  obferves,  that  cinnabar  ore  does 
not  give  out  any  exhalation  noxious  to  vegetables,  and 
that  the  grounds  adjoining  to  the  mines  of  Almaden  are 
/ery  fertile.  He  has  alfo  obferved,  that  the  working 
3f  thofe  mines  is  not,  as  had  been  thought,  injurious  to 
he  health  of  the  workmen.  Thofe  who  work  in  the 
nterior  parts  of  the  mine  as  (laves  are  the  only  fuf- 
crers ;  for  the  fire  which  they  are  obliged  to  kindle 
dways  volatilizes  a  portion  of  the  mercury,  and  they 
ire  of  confequence  continually  furroanded  with  mer- 
urial  vapours. 

M.  Sage,  in  the  Memoirs  of  the  Acad.emy  for  the 
car  1 7y6y  has  defcribed  the  proccfs  by  which  mer- 
ury  is  extraded  from  cinnabar  in  the  Palatinate. 
The  furnace  is  a  gallery  containing  forty-eight  retorts 
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of  cad  iron,  each  an  inch  in  thicknefs  and  three  feet 
nine  inches  in  length,  containing  about  fixty  pounds  of 
matter.  Thefe  retorts  are  immoveably  fixed  upon  the 
furnace.  A  mixture,  confifting  of  three  parts  of  ore  well 
pounded,  with  one  part  of  flaked  lime,  is  introduced 
into  them  with  brafs  ladles.  It  is  heated  wiih  mineral 
coal  put  in  at  the  two  ends  of  the  furnace,  the  fides  cf 
which  are  fo  perforated  with  holes  as  to  admit  enough 
of  frefh  air  to  make  the  coals  burn.  The  heat,  witli 
the  re-adion  of  the  lime  on  the  fulpbur,  volatiliza 
the  mercury,  which  is  coUedted  Into  earthen  recdr- 
ers  fitted  to  retorts,  and  about  a  third  part  full  ci 
water.  This  operation  takes  up  about  ten  or  eleva 
hours. 

Mercury  obtained  from  cinnabar  is  very  pure,  ani 
c-ontains  not  a  particle  of  extraneous  matter ;  farce 
any  is  to  be  got  fopure  in  commerce.  Almoft  all  tk 
mercury  fold  by  merchants  is  more  or  lefs  mixed  viii 
extraneous  matters ;  it  has  the  appearance  of  beings 
little  tarnifhed,  and  inftead  of  dividing  into  globul.. 
when  it  runs,  it  falls  into  a  flat  furface  fet  round  vii 
points.     The  merchants  then  fay  that  //  draws  aui 

Mercury  feems  to  fufFer  no  alteration  from  light.  !J 
is  one  of  thofe  fluid  matters  which  are  the  eafieft  asJ 
the  moft  uniformly  heated,  that  is,  whofe  dil*> 
tion  proceeds  in  the  moft  confl:ant  manner.  Tkw  b 
been  fliown  to  be  the  cafe  by  Meflrs  Bucquet  and  I> 
voifier,  in  their  experiments  on  the  eflreds  of  beat  f 
different  fluids,  read  before  the  Academy  of  Science 
This  phaenomenon  fliows  mercury  to  be  the  moft  f'*' 
per  fluid  for  fcrming  accurate  thermometer?,  by  rJc:" 
indicating  the  degrees  of  heat. 
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This  metallic  fluid,  when  expofed  to  fire  in  clofe 
veffels,  boils  like  other  fluids.  This  property  is  not  pe- 
culiar to  it ;  filver,  gold^  and  mod  other  metals  difplay 
the  fame  phsenomenon.  It  is  true,  that  as  mercury  is 
more  fufible  than  any  other  metal,  it  boils  quicker,  and 
continues  to  boil  longer  after  being  red- hot.  Ebulli- 
tion is  nothing  but  the  pafling  of  a  body  from  a  liquid 
to  a  vaporous  ftate.  This  vapour  of  mercury,  which 
foon  becomes  very  apparent  in  the  form  of  a  white 
fnioke,  and  obfcures  the  tranfparency  of  the  veflels  in- 
to which  it  is  received,  is  condcnfed  by  cold  into  drops 
of  liquid  mercury  j  which,  when  the  diftillation  has  been 
carefully  performed,  are  found  to  have  fuffered  no  lofs 
nor  alteration.  Mercury  is  therefore  a  very  volatile  fub- 
Ilance,  which  may  be  difiilled  like  water,  and  in  this  pro- 
perty it  bears  a  near  relation  to  the  brittle  fenii-metals. 

Bderhaave  diftilled  the  fame  quantity  of  mercury 
500  times  fuceflively,  without  efFefting  any  alteration 
upon  it ;  only  it  appeared  to  become  more  fparkling, 
more  ponderous,  and  more  fluid  ;  which  might  be  ow- 
ing to  its  being  rendered  more  pure  by  diftillation.  He 
obtained  a  fmall  quantity  of  grey  powder^  which  ap* 
peared  to  be  mercury  very  much  attenuated,  and  be- 
came again  fluid  and  brilliant  on  being  triturated  in  a 
mortar.  This  was  black  oxide  of  mercury ;  and  its  pro- 
dudion  mud  have  been  owing  to  air  contained  in  the 
diilillatory  apparatus. 

Diftillation  is  a  method  for  purifying  mercury,  and 
feparating  from  it  the  fixed  metals  by  which  it  is  ufual- 
ly  altered  as  it  appears  in  commerce.  The  extraneous 
metal  is  found  in  the  retort,  forming  in  fome  places  a 
brilliant,  and  in  others  a  blackifli  cruft.     By  weighing 
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this  refidue,  we  learn  what  quantity  of  matter  altered 
the  mercury. 

The  extraordinary  gravity  of  mercury  has  induced 
chemifts  to  think  that  it  contains  a  large  proportion  d 
the  pure  earthy  principle  or  vitrifiable  earth.  But 
when  that  principle  predominates  in  any  body,  it  ren- 
ders it  folid  ;  and  inftead  of  being  folid,  mercury  is 
very  fufible :  the  earthy  principle  is  in  an  eminent  de- 
gree fixed,  but  mercury  very  volatile.  Beccher,  obfer- 
ving  this  oppofition  between  the  qualities  of  merniry 
and  thofe  of  vitrifiable  earth,  was  induced  to  allovin 
this  fluid  the  exiflence  of  a  peculiar  earth,  to  ivhicli 
he  gave  the  name  of  mercurial^  afcribing  to  it  both 
gravity  and  volatility.  Mercury  was  then,  according 
to  that  chemifl,  a  compound  of  three  earths,  vitrifi- 
able, inflammable,  and  mercurial.  But  no  perfon  has 
as  yet  demonftrated  the  exiflence  of  the  latter  in  anj 
bbdy,  and  the  opinion  is  therefore  to  be  confidered  as 
an  afTeriion  deflitute  of  proof.  Mercury  appears  to  me 
to  be  like  other  metallic  fub fiances,  a  peculiar  combef- 
tible  body,  the  principles  of  which  have  not  yet  bcs 
feparated.  As  to  the  vitrifiable  earth,  the  properties 
of  which  we  examined  in  the  beginning  of  this  work, 
we  do  not  think  that  we  can  admit  its  exiflence  in  mer- 
cury any  more  than  in  the  other  metals,  becaufc  dc 
fuch  principle  is  ever  extracted  from  it.  What  Bec- 
cher and  Stahl  diflinguiflicd  by  that  appellation  in 
mercury  and  other  metallic  fubflances,  is  very  fc 
from  being  a  fimple  earthy  matter,  as  we  fhowed  whea 
fpeaking  of  metallic  oxides  in  general. 

Mercury  in  vapours  has  a  confiderable  expacfi^ 
force,  and  is  capable  of  producing  lively  cxplofi^^w 
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when  attempts  are  made  to  confine  it.  Hellot  related 
to  the  Academy,  that  a  certain  perfon,  wiihing  to  fix 
mercury,  put  a  quantity  of  it  into  an  iron  ball,  well  foU 
dered  together,  and  threw  ^be  ball  into  the  middle  of 
an  hot  furnace.  But  nq  fooner  was  it  red  hot  than  the 
mercury  burfl  out  and  efcaped  tirith  a  confiderable 
noife.  M.  Baume  relates,  in  his  Epcperimental  Chemijiry^ 
a  fad  nearly  fimilar,  to  which  Geofiroy  the  apothecary 
was  witnefs. 

Mercury  is  much  more  fufceptible  of  calcination  by  the 
contad  of  air  and  of  many  other  bodies,  than  it  has  till 
very  lately  been  thought  to  be.  A  blacki(h  grey  pel- 
licle is  inceiTantly  forming  on  its  furface,  which  is  a  true 
mercurial  oxide. 

When  heated  with'accefs  of  air,  this  metal  changes 
in  a  few  days  into  an  earthy  powder,  t^hich  is  red^ 
brilliant,  and  difpofed  in  fmall  fcales.  This  powder 
has  nothing  of  a  metallic  afped,  and  is  really  oxide  of 
mercury.  The  alchemifls  thought  that  mercury  was 
fixed  in  this  operation,  and  therefore  gave  the  powder  the 
improper  name  o{ precipitate  per  fe.  As  mercury,  tho' 
krery  volatile,  yet  needs  the  concourfe  of  air  in  order  that 
it  may  be  calcined,  a  pretty  convenient  inflrument,  call- 
ed Boyle'j  bellj  has  been  contrived  for  the  purpofe.  It 
s  a  very  large  broad  cryftal  bottle  ;  a  quantity  of  mcr- 
:ury  is  inclofed  in  it ;  and  as  it  forms  a  very  thin  layer, 
t  of  coafequence  exhibits  an  extenfive  furface.  The 
lopper,  which  exactly  fits  the  mouth  of  the  bottle,  is  a 
rryftal  cylinder  with  a  capillary  pipe.  The  bottle  is 
placed  on  a  fand-bath,  and  heated  till  the  mercury  boil, 
rhe  aperture  of  the  cylinder  is  of  fuch  a  fize  as  to  ad- 
nit  the  air  without  fuffering  the  mercury  to  efcape. 

C  c  3  After 
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After  digefting  it  in  this  manner  for  feveral  moniks 
the  oxide  formed  on  the  furface  of  the  mercury  Is  fe. 
parated.  Its  feparation  is  efFefted  by  putting  the  vhr!: 
upon  a  piece  of  thick  cloth,  and  preffing  it  till  the  mer- 
cury pafs  through,  leaving  the  oxide  upon  the  do  L. 
A  flat-bottomed  matrafs  is  equally  proper  for  the  p;:v 
pofe.  A  quantity  of  mercury  fufficient  to  formailx 
ftratum  is  poured  into  it :  the  neck  of  the  matrafs  l^ 
drawn  out  by  means  of  a  lamp  into  a  capillar  pipe,  a:: 
the  point  broken  off.  This  method,  which  wcoveu- 
M.  Baume,  affords  a  veffel  more  proper  for  reducir.: 
mercury  to  an  oxide,  as  it  contains  more  air ;  it  ir«^ 
alfo  be  heated  with  more  cafe  and  at  lefs  expcnce  tbss 
Boyle*  s  hell  J  and  is  not  fo  eafily  broken.  In  order  A*- 
this  experiment  may  fucceed,  the  mercury  muit  k 
night  and  day  for  feveral  months  expofed  to  an  ha: 
fufEcient  to  make  it  boil  gently.  By  placing  a  numbt: 
of  matraffes  on  the  fame  fand  bath,  a  greater  quanii:; 
of  precipitate  per  fe^  or  red  oxide  of  mercury,  is  obt:i> 
ed,  and  a  certain  quantity  of  it  may  even  be  preparcw 
in  fifteen  or  twenty  days. 

The  precipitate  per  fe  is  a  true  oxide  of  mercury,  c: 
a  combination  of  this  metallic  fubftance  with  exigent 
which  it  gradually  attra£ls  from  the  atmofphere.  W-^' 
proves  this  in  a  convincing  manner  is,  i .  That  ct- 
cury  can  never  be  reduced  into  precipitate  perfe^  wii: 
out  air  :  2.  That  vital  air  is  neceffary  to  the  format:- 
of  this  compound  ;  none  of  the  various  gafes  can  o 
tribute  to  the  oxidation  of  mercury  :  3.  That  niercur 
in  this  inftance  gains  an  increafe  of  weight ;  4.  Tr 
^vhen  the  precipitate /fr^^  is  heated  in  clofe  vclTelSji'- 
entirely  reduced  to  running  m*ercurj,  giving  cat  a' 
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the  time  a  large  quantity  of  elaftic  fluid,  in  which 
combudible  bodies  burn  four  times  as  quick  as  in  com- 
mon air-  The  exiftence  of  this  fluid  was  firft  obferved 
by  Dr  Prieftley  ;  he  gave  it  the  denomination  of  dephlo^ 
gijlicate(^  air  ;  we  call  it  oxigenous  gas  or  vital  air.  Mer- 
cury, on  being  thus  reduced,  lofes  the  increafe  of 
weight. which  it  had  acquired  by  being  calcined. 

M.  Lavoifier,  from  confidering  the  laft  of  thefe  facls, 
together  with  the  other  phenomena  of  calcination,  in-* 
dicating  air  to  be  necefiary  to  and  confumed  during  that . 
operation,  has  inferred,  by  an  analogy  equally  fair  and 
probable  with  any  other  in  phyfics,  that  metallic  ox- 
ides  are  combinations  of  the  metals  with  the  oxigenous 
part  of  air.  As  the  precipitate  perfe  may  be  eafily  ana- 
iyfed  by  heat  into  two  principles,  pure  viral  air  and 
running  mercury,  this  inftance  contributes  greatly  to 
illuftrate  and  eftabli(h  the  pneumatic  theory.  It  may 
be  eafily  underftood  in  what  manner  the  bafe  of  vital 
air,  or  oxigene  fixed  in  mercury,  difengages  itfclf  on 
regaining  its  eUfticity  by  means  of  heat.  Thus  to  re- 
duce red  oxide  of  mercury,  it  muft  be  heated  in  very 
clofe  veflels  :  if  air  be  admitted,  it  remains  ftill  in  the 
ilate  of  oxide,  becaufe  it  always  finds  in  the  atmofpliere 
a  body  with  which  it  is  capable  of  uniting ;  the  only 
body  which  poflefles  the  power  of  calcining  jt.  This 
18  what  induced  M.  Baumc  to  maintain  that  the  precis 
pitateperfe  was  not  reducible,  but,  on  the  contrary,  was 
fublimed  in  reddifli  ruby-coloured  cryftals  :  while  M* 
Cadet  has  aflferted  that  all  precipitates  perfe  are  equally 
reducible  into  running  mercury.  Macquer  hai  proved, 
by  an  ingenious  and  natural  account  of  the  fads,  that 
l^ach  of  thefe  chemifts  had  good  reafon  for  what  he  ad- 
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vanced  ;  and  that  when  oxide  of.  mercury  is  heated 
with  concourfe  of  air,  it  is  entirely  fublimated,  and  may 
even  be  meited  into  a  glafs  of  a  moft  beautiful  red  co- 
lour J  as  has  been  obferved  by  Mr  Keir,  a  learned  Scotch 
chemift,  in  his  tranilation  of  the  Chemical  Di&ionvy; 
whereas  this  fame  oxide,  which  is  fublimated  when  ex- 
pofed  to  the  contaft  of  air,  is  reduced  to  running  mer- 
cury, and  gives  out  vital  air  when  urged  with  an  intenfe 
heat  in  clofe  veffels. 

As  the  brilliancy  is  fuUied  by  particles  of  dull  ^epo- 
fited  on  its  furface  by  the  air,  it  has  received  the  name  of 
ibe  loadjlom  ofduji :  But  it  appears  that  all  bodies  pofleli 
the  fame  property  ;  only  the  fuperior  luftre  of  mercury 
renders  it  more  obiervable  in  that  metal,  Belides,  mer- 
cury fuSers  no  alteration  from  the  dull  which  k  thus 
attrads  i  and  on  being  filtrated  thndugh  a  piece  of  gear- 
4kin  to  feparate  thofe  extraneous  parcicles,  it  recovers 
all  its  luftre. 

Mercury  appear^  not  liablp  to  folutioa  in  water: 
Phyficians,  however,  are  in  ufe  to  hang  a  bag  filled  vitb 
jn^cury  in  ptifans  to  be  given  for  worinfis, — while  they 
are  bailing.  We  are  even  afTured,  that  experience  has 
evinced  the  good  efFeSs  of  this  praftice  :  Lemery  has 
proved,  that  mercury  lofes  nothing  of  its  weight  in  this 
decodlon.  Perhaps  a  principle  analagous  to  fmell  may 
on  that  occafion  exhale  from  this  metal,  fo  fubtk  and 
fugitive,  that  its  weight  cannot  be  diftinguifhed,  ad 
may  communicate  an  anthelmintic  virtue  to  the  \»> 
ter. 

Mercury  is  not  more  difpofed  to  unite  with  earths 
than  the  other  metallic  fubftances.     Its  red  oxide,  or 
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frcctfitate  perfe^  might  be  fixed  in  glaiTes,  and  colour 
them ;  as  is  obferved  of  the  oxide  of  arfenic. 

We  know  not  in  what  manner  barytes,  magnefia, 
lime,  and  the  alkalis  a&  upon  mercury. 

The  fulphuric  add  a£b  not  upon  this  metallic  fub- 
ftance  unlefs  when  concentrated.  To  efied  this  folu^ 
tion,  put  into  a  glafs  retort  one  part  of  mercury,  and 
pour  upon  it  a  part  and  an  half  of  concentrated  fulphu« 
ric  acid.  Let  this  mixture  be  heated ;  a  lively  effer- 
vefcence  is  gradually  raifed  ;  the  furface  of  the  mercury  . 
becomes  white,  and  a  powxier  of  the  (ame  colour  is  fe- 
parated,  and  being  di^ieried  through  die  acid,  renders 
it  turbid.  A  confiderable  quantity  of  fulphureous  gas 
is  difengaged,  and  may  be  colle^led  above  mercury* 
This,  as  we  have  leen,  when  fpeaking  of  the  fulphuric 
add,  is  the  proceG  by  which  this  gas  is  ufually  obtained. 
There  pafles  at  the  fame  time  a  portion  of  water,  contain- 
ing fulphureous  acid  gas.  When  the  diftillation  is  conti- 
cued  till  no  more  of  the  fulphureous  acid  can  be  produ- 
ced, there  is  then  found  in  the  bottom  of  the  retort  a 
white,  opaque,  and  very  caulHc  mafs,  which  wdghs  one 
third  more  than  the  mercury  from  which  it  is  produced, 
and  attracls  a  little  moiHure  from  the  atmofphere.  The 
greateft  part  of  this  mafs  is  an  oxide  of  mercury,  which 
is  combined  with  a  fmall  portion  of  fulphuric  acid. 
This  matter  has  been  remarked  by  Kunckel,  Macquer, 
and  Bucquet,  to  be  in  its  nature  pretty  much  fixed. 
The  fulphuric  acid  is  decompofed  by  a  double  ele^ive 
attra£Uon  :  the  mercury  being  a  combuflible  fubftance 
combines  with  the  oxigene  of  the  acid,  while  the  heat 
difengages  the  fulphureous  gas  and  the  water.     The 

metal 
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metal  is  then  in  the  ftate  of  an  oxide,  and  mud  cf  con- 
fequence  be  much  more  fixed  than  running  mercury. 
A  part  of  this  fulphuric  mercurial  mafs  is  diffolvedh 
\pater.     The  fluid,  when  liberally  poured  upon  it,  di- 
lutes  the  mafs,  and,  if  cold,  caufes  it  to  precipitate  i 

.  "white  powder :  if  the  water  employed  be  boiling,  the 
powder  takes  a  beautiful  bright  yellow  colour  ;  and  the 
hotter  the  water,  and  the  greater  the  quantity  of  it 
poured  on  the  mafs,  fo  much  the  more  lively  is  the  co- 
lour  which  the  powder  aflfumes.  The  mofl  ancicz: 
name  of  this  matter  was  turbith  mineral^  or  yelltnu  pred- 
fitatc:  we  call  it  yellow  mercurial  oxide.  The  water 
in  which  it  has  been  waflied  is  decanted  off;  borlir;: 
•water  is  again  poured  upon  it,  and  it  now  acquires  i 
brighter  yellow  colour.  A  third  wafliing  purifies  i: 
from  all  remains  of  the  fulphuric  acid.  It  is  now  de- 
ftitute  of  tafte ;  and  when  urged  with  fire  in  a  retor, 
it  firft  becomes  of  a  deeper  colour,  and  is  afterwards 
reduced  to  running  mercury,  giving  out  at  the  fame 
time  a  confiderable  quantity  of  vital  air.  Kunckt! 
mentions  this  reduction.  It  fucceeded  with  Meflrs  lAoh^ 
net,  Bucquet,  and  Layoifier,  who  traced  it  through  ail 
its  circumftances.  I  have  repeated  it  feveral  timtt 
with  fuccefs.  It  proves,  as  we  have  already  feen,  ibi! 
the  fulphuric  acid  confifts  of  fulphur,  oxigene,  and  wa- 
ter ;  but  a  pretty  ftrong  fire  is  requifite  to  reduce  ihii 

'  oxide.  Perhaps  the  reafon  why  M.  Baume  did  not  ob- 
tain running  mercury,  which  has  induced  him  to  afiijt 
that  this  yellow  oxide  does  not  refunie  a  metallic  form 
tinlefs  fome  combuftible  fubftance  be  added,  was  his  nr: 
having  applied  it  to  a  fufficient  heat.  By  continuing 
to  heat  the  mercurial  fulphuric  mafs  in  the  fame  retort 
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in  which  it  was  diflblved,  without  diluting  or  walking 
it  to  carry  off  the  acid,  we  likewife  decompofe  the  ox- 
ide :  it  is  reduced  to  running  mercury  when  the  oxi- 
gene  which  it  had  attracted  from  the  fulphuric  acid  ac- 
quires elaflicity,  and  becomes  of  confequence  vital  air 
by  combining  with  heat  and  light. 

The  water  poured  on  the  white  fulphuric  mercurial 
mafs,  receives  that  portion  of  the  acid  which  is  not  de- 
compdfed,  but  remains  in  the  mafs.     But  as  oxide  of 
mercury  is  foluble  in  the  fulphuric  acid,  that  falinefub* 
ftance  always  carries  off  with  it  fo  much  of  the  oxide  ; 
and  the  fubftance  which  remains  diffolved  in  the  water 
after  the  reduftion  is  therefore  true  fulphate  of  mercury. 
When  evaporated  by  a  ftrong  heat,  it  depoiites  that  fait 
in  fmall  needles  ;  the  form  of  which  cannot  be  deter- 
mined, becaufe  they  are  foft  and  very  liable  to  deliqui- 
ate.     If  boiling  water  be  caft  on  thofe  cryftals  of  ful- 
phate of  mercury,  they  become  yellow  and  return  to  the 
ftate  of  mercurial  oxide,  the  water  feparating  the  acid 
and  leaving  the  oxide  pure.     The  fame  thing  happens 
when,  after  having  evaporated  the  firft  lixivium  of  the 
mercurial  mafs  by  an  intenfe  heat,  we,  inftead  of  crys- 
tallizing, dilute  it  in  a  large  quantity  of  boiling  water : 
it  precipitates  a  yellow  powder  which  is  a  true  oxide. 
If  cold  water  be  ufed,  the  precipitate  is  white  ;  but  by 
pouring  boiling  water  on  the  white  precipitate  we  may 
render  it  yellow.     We  can  likewife  at  pleafure  render 
the  folution  of  mercurial  oxide  decompofable  or  not  de- 
compofable  in  water.     Ail  that  is  requifite  for  this  pur- 
pofe  is  to  evaporate  the  oxide  by  a  violent  heat,  or  to 
make  the  acid  receive  as  much  of  the  mercurial  oxide 
as  it  is  capable  of  diffolving  :  thefe  two  bodies  are  then 

eafily 
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estfily  iep:irated  by  water.  On  addidg  a  little  of  the  a- 
cid,  the  fluid  ceafes  to  precipitate  it.  I  received  full 
cm)vI£tion  of  thi$  fa£l  by  diflblving  turbitb  mineral 'm^ 
vaihed  in  the  weak  fulphuric  acid.  This  folution  not 
1)eiog  overcharged  with  mercurial  oxide^  is  not  i^ed- 
pirated  by  water.  But  if  the  acid  be  charged  with  as 
much  as  it  can  diflblve  with  the  help  of  heat,  which 
Itappens  when  the  oxide  is  added  till  it  refufe  to  difiblve 
k  $  fach  a  foiution,  on  being  poured  into  cold  water, 
fotmz  a  white  precipitate,  and  a  yellow  precipitate  when 
poured  ifito  hot  water.  If  a  little  fulphuric  acid  be  ad- 
ded to  it  when  in  this  (late,  it  ceafes  to  yield  a  precipi- 
tate. The  wliite  mercurial  oxide  depofited  by  fulphate 
€if  mercury  fuperfaturated  with  mercury,  when  poured 
jBto  cold  water  is  very  foluble :  we  can  make  it  difap- 
pear  by  adding  fulphuric  acid  to  the  mixture. 

Sulphate  of  mercury  may  be  decompoied  by  magnefia 
and  lime,  which  caufe  it  yield  to  a  yellow  precipitate. 
The  fixed  alkalis  feparate  from  it  a  yellow  oxide  nearly  of 
the  fame  colour :  It  is  to  be  obfervfd,  that  theie  precipi- 
fates  of  mercury  vary  in  colour  according  to  the  ftate  of 
the  folution  and  the  fubn:ance  by  which  they  are  precipi- 
tated; the  quantity  varies  too.  A  faturated  folution  gives 
tlie  mod  copious  precipitate.  Again,  if  a  folution  not  fa- 
turated with  mercury  be  decompofed,  each  flake  of  the 
oxide  feparated  by  the  firft  drops  of  the  precipitant  mat- 
ters is  again  diiTolved  by  the  excefs  of  acid.  When  this 
excefs  of  acid  is  faturated,  the  precipitate  is  permanent. 
All  tbefe  mercurial  oxides  precipitated  by  alkaline  fub- 
ftances,  may  be  reduced  by  themfelves  in  clofe  veflels. 

Ammoniac  does  not  precipitate  fulphate  of  mercury 
with  an  excefs  of  acid  :  but  forms  with  it  a  triple  fait, 
or  ammoniaco-mercurial  fulphate.    When  the  fulphate 
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of  mercury  is  fufficiently  neutralized,  and  without  excels 
of  acid,  it  feparates  but  a  fraall  portion  of  the  Mack  ox- 
ide, which  it  renders  reducible  by  the  conta^  of  lighc 
alone ;  and  it  forms  a  triple  fait  with  the  greater  part 
of  the  folphate  of  mercury. 

Mercury  decompofes  the  nitric  acid  with  the  great- 
eft  rapidity.  The  folution  is  effeded  cold,  and  widi 
more  or  lefs  adivity,  according  to  the  (late  of  the  add. 
Common  aquafortis  ads  upon  mercury  without  giving 
out  any  great  quantity  of  red  vapour.  When  a  fittle 
of  the  fuming  nitrous  acid  is  added,  or  the  mixture 
heated,  the  re-adion  of  the  matters  is  then  very  ra« 
pid,  a  very  large  quantity  of  nitrous  gas  is  difengaged» 
and  the  mercury  reduced  to  oxide  remains  in  foludoiu 
llie  liquor  is  greeniflk,  but  lofes  that  colour  at  the  end 
of  a  certain  time.  By  this  procefs,  the  nitric  acid  maj 
be  caufed  to  receire  2  quantity  of  mercury  equal  to  it« 
felf  in  weight.  Bergman  has  d>ferved,  in  his  Dtiler- 
tation  on  the  Analyfis  (^  Waters,  that  nitrous  foluti<»9 
of  mercury  differ  from  one  another  according  to  the 
manner  in  which  they  are  prepared*  That  which  has 
been  effeded  cok),  and  without  the  •lifengagemcni  of 
any  great  quantity  of  red  vapour,  is  not  decompofable 
by  diftilled  water  ;  but  if  the  folution  have  been  pro- 
moted by  heat,  and  have  given  out  a  confiderable 
quanuty  of  nitrous  gas,  it  will  then  be  liable  to  preci- 
pitation by  water,  and  cannot  be  employed  in  analizing 
waters  with  any  certainty  of  its  effcds ;  as  we  fliall 
ihow  when  fpeaking  of  mineral  waters.  I  take  this 
phamomenon  to  be  owing  to  the  fame  caufe  in  the  ni« 
trous  fotutions  as  in  the  folution  by  tlie  fulpburic  acid. 
The  nitric  acid  may,  with  the  help  of  heat,  be  fuperfa- 
turated'With  oxide  of  mercury,  which  it  holds  fuf- 
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pended.  if  we  may  be  allowed  the  expreffion.  Thi? 
folution,  with  an  excfifs  of  mercury,  may  be  precipitated 
by  diftilled  water,  which  changes  the  denfity  of  the 
liquor,  and  diminiihes  the  adherence  of  the  mercurial 
oxide  to  the  nitric  acid.  The  precipitate  is  therefore  a 
genuine  oxide,  which  becomes  very  yellow  if  the  fn- 
pcrfaturated  folution  be  poured  into  boiling  water,  but 
white  when  poured  into  cold  water.  It  may  be  inftant- 
ly  coloured  by  wafhing  it  in  hot  water.  Again,  as  the 
cold  folution  contains  only  nitrate  of  mercury  without 
cxcefs  of  oxide,  heat  being  requifite  to  fuperfaturate 
the  acid  with  the  oxide,  diftilled  water  cannot  there- 
fore precipitate  it.  I  am  reduced  to  think  this  by  a  faft 
which  I  have  often  obferved  ;  it  is  that  the  fame  mercu- 
rial folution  may  be  at  pleafure  rendered  decompofable 
or  not  decompofable  in  water,  by  adding  alternately 
mercury  and  acid,  fo  as  to  make  it  pafs  from  the-  one 
ftate  to  the  other.  All  that  is  requifite  for  that  is  to  dif- 
folve  mercury  cold  in  the  nitric  acid,  fuffering  the 
acid  to  receive  as  much  mercury  as  pofEble.  This 
folution  is  not  decompofable  in  water,  though  it 
gives  out  nitrous  gas.  On  adding  mercury  till  it  be 
faturated  with  as  much  as  it  can  diffolve  with  the  help 
of  heat,  it  is  rendered  fufceptible  of  precipitation  by 
water.  The  fame  theory  very  well  explains  why  a  ni- 
trous  folution,  not  liable  to  be  precipitated  by  water,  be- 
comes fo  when  heated.  Heat  difengages  nitrous  gas  ; 
^  and  that  can  never  be  eflefted  without  dcftroying  a 
portion  ot  the  acid  :  the  proportion  of  the  mercurial 
oxide  to  the  acid  then  becomes  greater  :  it  is  no  longer 
combined  with  the  mercurial  nitrate ;  but  only  adheres 
to  it,  and  is  fo  fufpended  in  it  that  it  may  be  cafily 

precipitated 
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precipitated  by  water.  I  am  certain  that  the  precipi- 
tate which  fclutions  of  mercury  yeild  by  water  is  only 
an  excefs  of  oxide  j  and  that  the  folution,  after  giving 
fuch  a  precipitate,  ftill  retains  a  portion  of  true  nitrate 
of  mercury,  which  may  be  decompofed  by  alkaHs  in  the 
fame  manner  as  the  fulphuric  mercurial  mafs  lixiviated 
in  order  to  the  preparation  of  turbith  mineral.  This 
portion  of  nitrate  of  mercury  may  even  be  cryftallizcd. 
The  excefs  of  mercurial  oxide  which  renders  the  rj- 
tric  folutions  fufccptible  of  decompofition  by  water, 
is  attended  with  another  circumftance  which  pro- 
motes that  decompofition.  The  oxide  is  fo  highly  cal- 
cined or  oxigenated  as  to  have  but  little  adhefion  to  the 
nitric  acid. 

The  folution  of  mercury  in  the  nitric  acid  is  exceed- 
ingly caudic  ;  it  corrodes  and  dellroys  animal  organs* 
When  it  falls  on  the  fkin,  it  produces  deep  purple 
fpots,  which  at  a  little  diftance  appear  black.  Thefc 
continue  till  the  epidermis  fall  off  in  fcales.  It  is  ufed 
in  furgery  as  a  powerful  efcharotic,  under  the  name  of 
vwrcurial  water. 

The  folution  of  mercury  in  the  nitric  acid  affords 
cryftals,  which  diflfer  in  form,  according  to  the  ftate  of 
the  folution  and  the  circumflances  of  the  cryftallization^ 
On  obferving  thefe  varieties  carefully,  I  diftinguiflied 
four  kinds  of  them  very  diftind  from  each  other,  which 
1  fliall  defcribe. 

1 .  A  cold  folution  affords  by  fpontaneous  evapora- 
tion for  feveral  months  very  regular  tranfparent  cry- 
ftals. M.  Rome  de  Lille  has  defer ibed  them  very  ac- 
curately.  They  are  flat  folid  figures  with  fourteen 
fides,  formed  by  the  junction  of  two  tetrahsedral  pyra-  • 

mids^ 
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mids,  cut  very  near  the  bafe,  and  truntrated  at  Ae 
four  angles  which  fefuh  from  the  junflioR  of  the  pyra- 
mids. 

2.  If  the  fame  cold  folution  be  evaporated  by  beat 
and  left  to  cool,  it  depofites  at  the  end  of  fonr-aad* 
twenty  hours  a  kind  of  acute  prifms,  ftriated  obliquely 
acrofs  their  lengthy  which  are  formed  of  fmall  places 
covering  each  other  like  tiles,  in  the  manner  which  bo- 
taWfls  call  imbricatim.  On  a  near  examination  of  the 
ekments  of  thofe  irregular  prifms,  I  perceived  the  plates 
to  be  folids  with  fourteen  facets,  refiembKng  the  cry- 
ftals  obtained  by  fpontaneous  evaporation,  but  imaDer 
and  more  irregular. 

3.  A  nitric  folution  effected  by  means  of  a  moderate 
and  well-managed  heat  gives,  by  cooling,  cryftak  in 
very  long  and  very  acute  fiat  needles,  ftriated  length^ 
wife.  Thefe  are  the  cryftals  moft  commonly  obtained 
from  this  folution ;  and  they  have  been  defcrtbed  by 
a  great  many  chemifts,  by  Macquer,  Rouelle,  Baume, 
&c. 

4.  Laftly,  If  this  folution  ba  heated  till  it  become  de-* 
compofable  by  water,  it  is  then  ufually  formed  into  an 
irregular  white  mafs,  refembling  the  fulphuric  mafs.  I 
have  fometimes  feen,  on  that  occaHon,  a  confufed  mak 
of  very  long  (lender,  flexile  needles,  glofly  like  fattio^ 
moved  about  with  the  motion  of  the  liquor :  they  per- 
fedly  refembled  the  brilliant,  iilvered  dendrites,  which 
I  have  often  obferved  on  the  fides  of  bottles  containing 
acetiie  ofpotajh^  or  foliated  earth  tf  tartar.  It  is  pro- 
per to  add,  that  this  laft  folution  of  mercury  gives  ir- 
regular confufed  cryftals,  or  Ihapelefs  mafles,  only  be- 
caufe  it  contains  an  excefs  of  the  metallic  oxide,  and 

may 
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may  therefore  be  rendered  fufceptible  of  regular  cry- 
ftallizadon  by  adding  more  of  the  acid. 

Thefe  feveral  nitrates  of  mercury  exhibit  nearly  the 
fame  appearances.     They  are  very  cauflic,  and  corrode 
the  ikin  as  well  as  their  folutions  ;  they  dctonize  when 
put  on  burning  coals.    With  refpeft  to  this  property,  it 
is  to  be  obferved,  that  it  belongs  in  a  much  more  emi- 
nent degree  to  the  moft  regular  cryftals  with  fourteen 
faces,  than  to  thofe  which  are  in  the  form  of  fmali 
needles  ;  and  that  the  white  mafs  precipitated  from  the 
folution,  after  it  has  been  expofed  to  a  ftrong  heat,  is 
entirely  deftitute  of  it.     The  detonation  of  nitrate  of 
mercury  is  fcarce  obfervable  in  newly  formed  cryftals ; 
to  render  it  more  fenfible,  the  nitrate  muft  be  left  to 
dry  for  fome  time  on  blotting  paper.     If  the  cryftals  be 
then  put  on  a  burning  coal,  they  melt,  become  blacky 
md  extinguifli  the  flame  of  that  part  of  the  coal  or 
Rrhich  they  lie.     But  their  edges  being  dried,  throw 
>ut  little  reddifli  fparks  with  a  noife  (imilar  to  a  faint 
lecrepitation.      Wheh  dry  they  emit  a   more  lively 
^'hitifli  flame ;  but  it  very  foon  ceafes. 

Mercurial  nitrate  melts  when  heated  in  a  crucible ; 
:ery  thick  red  vapours  then  exhale  from  it :  as  it  lofes 
ts  water  and  its  nitrous  gas,  it  aiTumes  a  deep  yellow 
lolour,  which  changes  firft  to  an  orange,  and  after- 
vards  to  a  bright  red  :  •  in  this  ftate  it  has  been  called 
ed precipitate.  We  diftinguifh  it  by  the  nameofr^J 
xide  of  mercury  by  the  nitric  acid.  It  (hould  be  made 
n  matrafles  with  a  moderate  heat  when  it  is  meant  to 
>e  employed  in  furgery  as  a  cauftic,  in  order  that  it 
nay  retain  a  portion  of  the  acid  to  which  it  owes  its 
orrofive  powers :  But  when  it  is  made  very  hot,  it  be- 
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comes  merely  oxide  of  mercury,  formed  by  the  combi- 
nation of  that  metal  with  the  oxigene  of  the  ni:ric 
acid.  Nitrate  of  mercury  diftilied  in  a  retort,  affort, 
in  the  firft  place,  an  acidulous  phlegm  and  nitrous  ga:: 
it  is  now  in  the  ftate  of  red  precipitate.  On  beinc 
made  very  hot,  it  gives  out  a  confiderable  quantity  oi 
vital  air  mixed  with  a  little  azotic  gas  ;  and  the  mer- 
cury is  fubli mated  in  a  metallic  form.  This  experi- 
ment made  by  M.  Lavoifier  with  the  utinoft  accuracy, 
led  him  to  the  difcovery  of  the  component  principles  cf 
the  nitric  acid  :  as  we  have  mentioned  in  our  hiftor< 
of  that  acid. 

Nitrate  of  mercury  becomes  yeUowiih,  and  is  very 
flowly  decohipofed  in  the  air.  It  diflblves  rcadiiy 
enough  in  diftilied  water,  is  more  foluble  in  boili&c 
than  in  cold  water,  and  cryftallizes  by  cooling-  Whts 
this  fait  is  diffolved  in  water,  part  of  it  is  precipitacs! 
without  being  diffolved,  and  acquires  a  yellowiih  c> 
lour,  M.  Monnet  calls  that  matter  nitrous  turbitv: 
and  obferves,  that  a  good  deal  of  it  may  be  obtaisc: 
by  wafhing  a  nitric  mercurial  mafs  evaporated  to  dn- 
nefs,  as  is  done  in  preparing  red  precipitate.  "When  ni- 
trate of  mercury  is  to  be  entirely  diffolved,  diftilij^ 
water  muft  be  ufed,  and  aquafortis  poured  into  it  tu 
the  precipitate  difappear.  I  have  obferved,  that  irhi^ 
boiling  water  is  poured  on  very  pure  nitrate  of  in^*- 
cury,  the  fait  becomes  inftantly  yellow,  and  affords  r 
oxide  of  a  deeper  colour,  which  on  being  expofcd  J- 
fire,  becomes  red  much  fooner  than  that  which  ovi 
its  formation  to  the  fulphuric  acid.  Yellow  oxide  • 
mercury  by  the  nitric  acid,  is  generally  more  compkrt- 
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ly  calcined  than  that  which  is  prepared  with  the  fuU 
phuric  acid :  the  reafon  of  which  is,  as  we  have  al- 
ready obferved  of  other  combullible  fubftances,  that 
the  oxigene  is  more  eafily  difengaged  from  the  nitric 
than  from  the  fulphuric  acid.  This  is  what  renders 
the  nitric  acid  more  decompofable  than  the  fulphuric 
acid. 

Barytes,  magnefia,  lime,  and  the  alkalis,  decorapofe 
nitrate  of  mercury,  and  precipitate  the  mercury  in  the 
ilate  of  oxide«     Thefe  precipitates  vary  in  colour,  gra- 
vity, and  quantity,  according  to  the  ftate  of  the  folu- 
tion.     The  cauftic  fixed  alkalis  form  a  yellow  precipi- 
tate, which  is  more  or  lefs  brown  or  brick-coloured 
according  to  their  caufticity.     Ammoniac  caufes  the  ni- 
tric folution  of  mercury  in  a  good  condition,  that  is, 
when  water  cannot  decompofe  it,  to  yield  a  ilate^grey 
precipitate ;  whereas  the  fame  fait  produces  a  white 
fediment  in  a  faturated  folution  of  mercury  liable  to 
be  precipitated  by  water  :  thefe  didindions  have  been 
very  accurately  obferved  by  Bergman.     Thefe  precipi- 
tates are  merely  oxides  of  mercury  more  or  lefs  calci- 
ned.    They  are  all  reducible  without  addition,  by  heat, 
in  clofe  veffels  ;  and  when  reduced,  they  give  out  pure 
air.     Thofe  which  have  been  precipitated  by  alkaline 
carbonates,  afford  a  certain  quantity  of  carbonic  acid 
by  the  adion  of  heat.    Thofe  which  have  not  been  pre- 
cipitated by  carbonates,  but  only  expofed  to  the  con- 
tad  of  atmofpheric  air,  difplay  the  fame  phenomenon, 
for  they  abforb  that  acid  from  the  atmofphere  ;  a  pro- 
perty which  is  common  to  all  oxides  of  mercury,  and 
«v^Q  to  thofe  of  feveral  other  metals. 

P  d  2  Oxides 
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Oxides  of  mercury  precipitated  from  folutions  byzl- 
kaline  intermedia,  poffefs  a  peculiarity  which  has  bctz 
difcovered  by  M.  Bayen,  and  is  worthy  of  being  ht:, 
taken  notice  of.  They  detonize  like  gun-powder  when 
expofed  in  an  iron  fpoon  to  a  gradual  heat,  after  beiij 
triturated  with  flowers  of  fulphur  in  the  proportion  :t 
half  a  drachm  to  fix  grains.  After  the  dctonati.:. 
there  remains  a  violet- coloured  powder  which  mayb: 
fublimated  into  cinnabar. 

The  fulphuric  acid,  and  the  falts  into  which  it  ea- 
ters, are  alfo  capable  of  decompofing  nitrate  of  mer- 
cury ;  far  this  acid  has  a  greater  affinity  than  the  i- 
trie  acid  with  mercury.  If  a  portion  of  fulphuric  add. 
or  of  a  folurion  of  fulphate  of  potafli,  fulphate  of  fed:, 
&c.  and  in  general  af  any  fulphuric  fait,  be  poured  in- 
to ar nitric  folution  of  mercury,  a  whiiifh  precipitate: 
formed,  if  the  folution  be  not  faturated ;  which  iccfcr 
jnore  to  yellow  in  proportion  as  the  mercurial  nitr::. 
contains  lefs  acid,  and  more  mercurial  oxide.  T- 
precipitate  is  either  fulpha'c  of  mercury  or  yellow  ci 
ide.  M.  Bayen  has  obferved  that  it  always  retains: 
little  nitric  acid. 

The  muriatic  acid  does  not-  aft  in  a  fcnfible  dcc'^: 
on  mercury  ;  although  it  has  a  greater  affinity  with  \.  - 
oxide  of  this  metal  than  any  of  the  other  acid?.    J- 
combines  with  the  oxide  to  form  a  peculiar  fait.     T. 
combination  takes  place  whenever  the  muriatic  acid  : 
brought  into  contact  with  that  oxide,  and  the  oxide  J  • 
vided  into  very  minute  particles.     If  a  little   muriii 
acid  be  poured  on  a  nitric  folution  of  mercury,  thcac- 
feizes  the  oxide  of  the  metal,  and  forms  with  it  a  '-X- 
which  is  precipitated  in  a  kind  of  whiiiih  cong-u'--' 
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called  "ivhite  precipitate.  Muriatic  falts  with  alkaline 
or  falino-terreoQs  bafes,  produce  precifely  the  fame 
efl'efts,  and  form  befides  nitric  falts,  differing  ac- 
cording to  their  bafes.  But  it  is  .of  importance  to  ob- 
ferve  concerning  this  precipitation,  that  it  does  not  take 
place  if  the  oxigenated  muriatic  acid  be  employed ; 
for  though  that  acid  attra<fts  the  oxide  of  mercury  from 
the  nitric  acid,  the  fait  which  it  forms  with  it  is  very 
foluble  in  water ;  'Vhereas  that  which  the  common 
muriatic  acid  forms  with  this  acid  is  not  at  all  foluble 
in  water.  * 

This  acid  has  likewife  a  greater  affinity  with  oxide 
of  mercury  than  the  fulphuric  acid  has ;  and  when 
poured  into  folutions  of  this  metal  with  the  fulphuric 
acid,  it  produces  precipitate  in  the  fame  manner  as  in 
folutions  of  mercury  with  the  nitric  acid.  The  com- 
pound of  the  muriatic  acid  with  oxide  of  mercury  is 
capable,  as  above  obferved,  of  two  difl'erent  ftates,  ac- 
cording as  the  acid  is  fimple  or  oxigenated  :  with  the 
oxigenated  muriatic  acid  it  conftitutes  corrofive  mercu- 
rial muriate  ;  with  the  (imple  muriatic  acid,  it  is  mild 
mercurial  muriate. 

There  are  fcveral  ways  of  preparing  corrofive  fubli- 
mate,  or  corrofive  mercurial  muriate.  The  moft  com- 
mon way  is,  by  mixing  equal  parts  of  dried  mercurial 
nitrate,  decrepitated  muriate  of  foda,  and  calcined  or 
V'hite  fulphate  cf  iron  or  martial  vitriol ;  putting  this 
mixture  into  a  matrafs,  of  which  two  thirds  muft  re- 
main empty ;  immerfing  the  mixture  into  a  fand-bath, 
and  heating  it  gradually  till  its  bottom  be  made  red 
hot.  The  fulpliuric  difengages  the  muriatic  acid  from 
the  foJa:   the  foda  a;;ain  feparates   the  nitrous  acid 
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from  the  mercury,  which  has  robbed  it  of  part  of  iti 
oxig<?lie ;  and  becomes  of  confequence  oxigenatcd  mc> 
riatic  acid  :  After  that,  it  combines  with  the  oxide  d 
mercury,  and  forms  corrofive  mercurial  muriate,  whid 
is  fublimed  into  flat  pointed  cryftals,  that  fix  on  the 
upper  part  of  the  matrafs.  The  nitric  acid  is  difperfed 
in  nitrous  gas ;  the  refidue  is  reddiih  or  brown,  aod 
contains  oxide  of  iron  and  fulphsite  of  foda,  formed  br 
the  combination  of  the  fulphuric  acid  with  the  bafe  d 
the  marine  fait.  In  Holland,  this  fait  is  prepared  in  the 
great  way,  by  triturating  together  equal  parts  of  mc- 
cury,  muriate  of  foda,  and  fulphate  of  iron,  and  expc- 
fiBg  the  mixture  to  an  intenfe  heat.  In  this  waj  ci 
preparing  corrofive  fublimatej  the  fulphuric  acid,  difcc- 
gaged  by  heat  from  fulphate  of  iron,  appears  to  go& 
vert  the  fimple  into  oxigenated  muriatic  acid  ;  for  n: 
olher  but  this  la(t  acid  could  diffolve  all  the  mercun 
employed  on  the  occafion.  Corrofive  mercurial  ffi> 
riate  may  be  likewife  obtained,  by  fubliraating  a  mix- 
ture of  fulphate  of  iron,  muriate  of  foda,  and  mercuiii! 
precipitate  by  fixed  alkali,  or  any  other  kind  of  mercc- 
rial  oxide. 

Boulduc  has  given  a  very  good  prbcefs  for  preparin; 
corrofive  mercurial  muriate :  but  Spielman  remarb, 
that  it  was  before  fuggefted  by  Kunckel  in  his  Cheir:- 
cal  Laboratory.  It  confills  in  heating  in  a  mam^> 
equal  quantities  of  fulphate  of  mercury  and  deaep- 
tated  muriate  of  foda.  Muriate  of  mercury  is  t:- 
latilized,  and  what  remains  is  only  fulphate  of  io^i 
This  mode  of  operation  affords  very  pure  corrofive  off- 
curial  muriate,  whereas  that  which  we  get  in  ccn»- 
mer^,  and  jeven  that  which  is  prepared  in  the  bs^'^ 
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Vay  with  fulphate  of  iron,  always  contains  feme  mix- 
ture pf  iron.  Bouiduc's  procefs  is  both  ealier  and  lefs 
expenfive:  It  likewife  proves,  that  the  fulphuric  acid 
poflefles  the  property  of  oxigenating  the  muriatic  acid. 
M.  Monnet  informs  us,  that  he  obtained  this  fait  alfo 
by  treating  in  a  retort  very  dry  muriate  of  foda  with 
mercurial  oxide,  precipitated  from  the  nitrous  folution 
of  mercury  by  fixed  alkali.  In  all  thefe  proceffes  for 
preparing  corrofive  mercurial  muriate,  the  operator 
fhould  beware  of  breaking  the  vefTcl  containing  the  fub- 
limate  till  it  be  perfectly  cool,  left  he  fufier  from  the 
vapours  of  the  fait.  Laftly,  There  is  yet  another  and 
more  expeditious  way  of  preparing  corrofive  mercurial 
muriate  :  it  confifts  in  pouring  oxigenated  muriatic  a- 
cid  into  a  folution  of  nitrated  mercury,  and  evaporating 
the  mixture  flowly :  when  the  nitrous  acid  is  difenga- 
ged,  the  liquor  affords,  by  cooling,  cryftals  of  corrofive 
mercurial  muriate.  There  is  reafon  to  think,  that 
when  Scheele's  oxigenated  muriatic  acid  becomes  bet- 
ter known,  apothecaries  will  prepare  corrofive  mercu- 
rial muriate  either  by  this  laft  procefs  or  by  fimple  fo- 
lution. 

Corrofive  mercurial  murl!ite  is  a  neutral  faline  fub- 
ftance,  which  well  merits  the  attention  of  chemifts  and 
phyficians.  It  poffeffes  a  number  of  valuable  proper- 
tics,  of  which  we  (hall  give  the  hiftory.  This  fait  has 
a  very  cauftic  tafte.  When  but  the  fmalleft  quantity 
touches  the  tongue,  it  leaves  for  a  long  time  after  a 
ftiptic  and  metallic  impreiTion,  which  is  very  difagree- 
able.  This  imprefEon  extends  even  to  the  larynx, 
Ihutting  it  fpafmodically  ;  and  it  remains  long,  parti- 

cularljt 
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cularly  on  perfons  of  very  delicate  nerves.  This  lalt 
afts  in  a  ftill  more  fenfible  manner  on  the  coats  of  ihc 
ftomach  and  the  vifcera.  When  fuffered  to  aft  upon 
them  for  fome  time,  it  corrodes  them,  fo  as  to  deflfcoy 
their  fubftance  :  It  is  of  confequence  one  t>f  the  ftrong- 
eft  poifons  known.  The  caufticity  of  corrofive  mercu- 
rial muriate  appears  to  depend  on  the  (late  in  which 
the  mercury  exifts  in  the  fait,  as  has  been  very  inge- 
nioufly  explained  by  Macquer.  It  cannot,  as  fome 
authors  have  imagined,  be  afcribed  to  the  muriatic 
acid ;  for  the  quantity  of  the  mercury  is  more  than 
three  times  as  much  as  that  of  the  acid*     Accordingly 

• 

it  has  been  obferved  by  Rouelle,  that  this  fait  commu- 
nicates rather  a  green  than  a  red  colour  to  fyrup  of  vio- 
lets. The  tafte,  too,  of  corrofive  mercurial  muriate  is 
much  flronger  than  that  of  the  muriatic  acid.  A  per- 
fon  mav  take  a  drachm  of  muriatic  acid  diluted  in  ura- 
ter,  without  fuffcring  any  harm :  whereas  a  few  grains 
of  corrofive  mercurial  muriate  taken  in  the  fame  quan- 
tity of  water  are  a  certain  poifon.  Bucquet  thought 
this  exceflive  fapidity  to  depend  on  the  combination  of 
the  two  bodies  which  compofe  this  fait.  One  of  his 
ftrongefl  proofs  was  drawn  from  that  law  of  the  affi- 
nity of  compofition  by  which  it  is  eft^ibliihed,  that 
compounds  poffefs  new  properties  entirely  different 
from  thofe  of  the  bodies  of  which  they  are  com- 
pounded. 

'  Corrofive  mercurial  muriate  fufFers  no  fenfible  alte- 
ration from  light.  Heat  volatilizes  and  half  vitrifi« 
it.  When  expofed  to  a  ftrong  heat  in  the  open  air,  \X 
is  diffipated  in  a  white  fmoke  ;  the  efFefts  of  which  are 
very  energetic,  and  very  noxious  to  the  animal  oeco- 

nomy. 
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nomy.  When  heated  flowly  and  by  degrees,  it  is  fub- 
limated  in  a  regular  cryftalline  form.  Its  cryftaL  are 
prifms,  fo  compreffed  that  it  is  impuffible  to  determine 
the  number  of  their  faces.  They  terminate  in  very 
acute  points ;  and  have  been  with  guod  rtafon  com* 
pared  to  the  blades  of  poignards  thrown  very  confufed- 
ly  together.  Fire  does  not  decompofe  this ;  it  fuffers 
no  alteration  from  air.  It  JifToives  in  nineteen  parts  of 
water,  and  cryftallizes  by  evaporation  into  flat  prifms, 
very  acute  at  their  extremities,  refembling  thofe  obtain- 
ed by  fublimation.  The  fpontaneous  evaporation  of  its 
folution  afforded  both  me  and  M.  Bucquet  feveral  times 
oblique-angled  parallelopipeds,  with  their  extremities 
truncated  flopewife.  M.  Thouvenel  has  obtained  that  fait- 
cryftallized  in  hexahaedral  prifms,  a  little  compreffed. 

Barytcs,  magnefia,  and  lime  decompofe  corrofive  mer* 
curial  muriate,  caufing  it  to  yield  a  precipitate  of  oxide 
of  mercury.*  The  phagedenic  water  ufe  by  furgeons 
as  a  corrofive,  is  prepared  by  cafting  half  a  dram  of 
this  fait  in  powder  into  a  pound  of  lime-water  ;  a  yel- 
low precipitate  is  formed,  which  renders  the  liquor  tur- 
bid, and  it  is  employed  before  the  precipitate  fubfide. 

* 

The  fixed  alkalis  feparate  from  corrofive  mercurial 
muriate  an  orange  oxide,  w^hich  when  fuffered  to  fettle 
for  fome  time,  acquires  a  deeper  colour.  Ammoniac 
caufes  this  fait  to  yield  a  w^hite  precipitstt ;  which, 
however,  foon  affumes  a  flate  colour. 

The  acids,  and  the  alkaline  neutral  falts,  produce  no 
alteration  on  corrofive  mercurial  muriate. 

This  fait  contrafts  an  intimate  union  with  ammonia- 
cal  muriate  ;  but  neither  of  them  is  dccompofed.  Ei- 
ther  by  fublimation,  or  by  cryftallization,  it  forms  with- 

*  it 
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it  a  very  lingular  faline  compound,  which  the  alche^ 
inifts  valued  highly,  and  called  alembrotb  faltj  fait  cf 
artj  fait  of  wifdomj  &f^.  The  ammoniacal  muriate 
renders  the  corrofive  mercurial  muriate  very  folubk ; 
for  acording  to  M.  Baum^,  three  ounces  of  water  con- 
taining nine  drachms  of  the  former  fait  diifolve  five 
ounces  of  the  latter.  This  laft  folution  is  effeded  with 
the  help  of  heat,  and  when  it  cools,  the  laft  fubfides  in- 
to a  mafs.  With  this  fait  a  preparation  is  made  up 
which  is  called  wbite  precipitate.  It  is  prepared  by 
cafting  into  a  folution  of  a  pound  of  ammoniacal  muri- 
ate an  equal  quantity  of  corrofive  mercurial  muriate 
in  powder.  When  this  (alt  is  fully  difTolved,  a  folotioD 
of  carbonate  of  potafli  is  poured  into  the  mixture,  and 
produces  a  white  precipitate :  this  preciphate  is  waihed, 
formed  into  little  balls,  and  dried  in  the  air.  In  this 
operation  the  pota(h  difengages  the  ammoniac ;  which, 
in  its  turn,  precipitates  the  mercury  in  a  white  oxide. 
This  precipitate  becomes  yellow  when  ^xpofed  to  hear, 
or  even  to  light. 

Corrofive  mercurial  muriate  is  altered  by  hydrogc 
nbus  gas.  Sulphur  produces  no  change  ob  it,  but  al- 
kaline fulphure  decompofes  it  as  well  as  the  other  folc- 
tions  of  mercury  :  the  immediate  prcdufl  of  this  de- 
compofitio;!  is  a  black  precipitate  which  refults  from 
the  combination  of  the  fulphur  with  the  mercury.  Moil 
of  the  femi-metals  which  we  have  examined  are  ca- 
pable of  decompofing  this  fait :  and  as  each  of  thefe  io- 
ftances  of  decompofition  is  attended  with  peculiar  pka:* 
nomena,  they  therefore  deferve  to  be  feparately  aad 
carefully  examined* 
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When  two  parts  of  corrolivc  mercurial  muriate,  ^th 
one  of  arfenic,  are  difUlled  by  a  moderate  heat,  there 
pafles  into  the  receiver  a  matter  of  the  confiftency  of 
oil,  and  tranfparent,  of  which  one  part  is  very  foon  con- 
denfed  into  a  kind  of  white  jelly,  improperly  called  corro^ 
Jive  oity  or  butter  ofar/enic.  If  the  heat  be  continued  after 
this  produd  has  pafled  off,  running  mercury  is  obtain- 
ed i  and  by  this  procefs  we  may  attain  an  accurate  know- 
ledge of  the  principles  of  corrofive  mercurial  muriate. 
Muriate  of  arfenic  does  not  appear  to  be  fufceptible  of 
cryftallization  ;  it  melts  by  a  moderate  heat,  and  its  talte 
is  fo  cauftic,  that  it  inftantaneoufly  deftroys  our  organs* 
It  diffolves  in  water,  by  which  it  is  partly  decompo- 
fed  :  we  are  ignorant  of  its  other  properties.  It  cannot 
be  obtained  with  oxide  of  arfenic  ;  becaufe  when  that 
femi-metal  is  already  faturated  with  oxigene,  it  cannot 
difengage  mercury  from  its  combination  with  the  muri- 
atic acid  by  abforbing  oxigene. 

The  effeds  of  nickel,  cobalt,  and  manganefe,  on  cor- 
rofive mercurial  muriate,  have  not  yet  been  examined. 
As  to  bifmuth,  antimony,  and  zinc,  thofe  three  femi- 
metals  decompofe  this  fait  very  readily.  By  diftil- 
ling  two  parts  of  corrofive  mercurial  muriate  with  one 
of  bifmuth,  we  obtain  a  thick  fluid  fubftance,  which 
congeals  into  a  kind  of  greafy  mafs  that  melts  on  being 
expofed  to  heat,  and  yields  a  precipitate  when  plentiful- 
ly wafhed :  in  a  word,  this  compound  is  folid  muriate 
of  bifmuth.  Poli,  who  has  given  an  account  of  this  pro- 
cefs in. the  Hiftory  of  the  Academy  for  the  year  1713, 
tells  us,  that  when  this  butter  of  bifmuth  is  feveral  times 
fublimated,  there  remains  in  the  veffel  a  powder  co- 
loured 
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loured  Jike  oriental  peark,  very  foft  and  gluey:  He 
propofes  the  ufe  of  this  po.wder  in  painting. 

When  twelve  ounces  of  antimony  arc  completely 
mixed  with  two  pounds  of  corrofive  mercurial  fubli- 
mate,  the  mixture  gives  out  heat :  a  circumftance  which 
proves  that  thefe  two  bodies  aft  rapidly  on  each  other. 
On  diftilling  this  mixture  by  a  moderate  heat,  we  ob- 
tain a  thick  liquor  which  is  fixed  in  the  receiver,  and 
often  even  in  the  neck  of  the  retort,  into  a  w^hitc  nu& 
called  butter  of  antimony.  The  quantity  of  this  ftibK- 
mated  muriate  of  antimony  is  commonly  fixteen  ounces 
and  a  few  drachms.  The  refidue  confifts  of  mercury 
and  a  grey  powder  of  antimony,  tvhich  fwims  on  the 
furface  of  the  metallic  fluid.  On  continuing  the  diftil- 
lation  after  the  muriate  of  antimony  has  pafled  into  the 
receiver,  and  ufmg  a  new  balloon,  we  obtain  running 
mercury  ;  but  it  is  contaminated  with  a  little  muriate 
of  antimony,  as  that  fubftance  cannot  be  entirely  taken 
away  from  the  neck  of  the  retort.  M.  Baume,  who  has 
given  a  good  account  of  this  operation,  fays,  that  by 
this  procefs  twenty-two  ounces  of  running  mercury  may 
be  obtained,  one  ounce  of  antimony  in  powder  mixed 
with  mercury,  and  fix  drachms  twenty-four  grains  of  an- 
timony melted  in  the  retort.  The  antimony  is  partly 
calcined  :  it  affords  a  red  and  partly  white  oxide,  which 
is  fublimed.  In  this  infl:ance  the  antimony  is  calcined 
by  the  oxigene  Separated  from  the  mercurial  oxide,  and 
combines  with  the  muriatic  acid  to  form  muriate  of  an- 
timony. This  decompofition  likewife  takes  place  when 
fulphure  of  antimony  is  employed.  By  diftilling  one 
part  of  that  mineral  in  powder  with  two  parts  of  corro- 
frve  mercurial  fublimate,  fublimated  muriate  of  antimo- 
ny 
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ny  is  obtiined ;  but  the  refidue,  inftead  of  containing 
ruaning  mercury,  is  a  combination  of  mercury  with  fuU 
phur.  That  combination  may  be  fublimated  by  a  very 
flrong  heat  into  red  needles,  which  are  improperly  call- 
ed cinnabar  of  antimony. 

Sublimated  muriate  of  antimony,  or  the  combination 
of  the  muriatic  acid  with  antimony,  i^  not  produced  un- 
lefs  when  the  femi- metal  at  trails  from  the  mercury  the 
oxigene  which  it  contains ;  as  has  been  already  obferved 
of  arfenic.  This  compound  is  in  a  cryftallihe  form.  It 
cryftallizes  into  very  large  parallelopipeds.  It  is  fo  cau- 
flic,  that  it  inftantly  deftroys  our  organs,  and  burns  ve- 
getable matters.  It  is  very  liable  to  alteration  by  the 
contad  of  light.  It  melts  with  the  mod  moderate  heat, 
and  becomes  fixed  by  cooling :  it  is  this  property  which 
has  procured  it  the  name  of  butter  t>f  antimony.  It  rea- 
dily lofes  its  whitenefs,  and  takes  a  colour.  It  may  be 
rectified  by  diftillation.  It  attrads  the  moifture  of  the 
atmofphere,  by  which  it  is  again  diifolved  into  a  thick 
and  feemingly  oleaginous  fluid  i  in  water  it  is  diflblved 
only  in  part ;  for  the  greateft  portion  of  it  is  decompo- 
fed  by  that  fluid.  When  fublimated  muriate  of  antimony 
is  cad  into  diftilled  water,  it  immediately  gives  a  very 
copious  precipitate,  which  is  called  emetic  powder^  or 
powder  of  Algarotb^  from  the  name  of  an  Italian  phyfi- 
cian  who  ufed  it  as  a  medicine.  It  has  likewife  been 
improperly  called  mercury  of  life.  This  precipitate  is 
an  oxide  of  antimony  ftrongly  purgative  and  emetic, 
even  when  given  in  very  fmall  dofes  of  thl^ee  grains  and 
an  half  to  the  dofc.  In  order  to  render  it  very  pure,  it 
mud  be  repeatedly  waflied  in  didilled  water.  It  difiers 
\:\  poflefling  thefc  properties  from  the  other  oxides  of 

this 
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weight*  The  mixture  was  then  put  into  fmall  phials, 
two  thirds  of  each  of  them  being  left  empty,  and  fubli- 
mated  three  times  fuccef&vely.  Care  was  taken  to  fe- 
parate  at  each  time  a  white  powder,  which  is  found  a- 
bove  the  fublimated  matter,  and  is  very  corrofive.  This 
produfl  is  called  fweet  fublimaUy  mercurius  dulch^  or 
afuffa  alba  :  It  ought  to  be  Cdlled/weet  mercurial  mwi 
cte*  Its  iniipidity,  its  cryftalline  form,  and  its  being 
almoft  abfolutely  infoluble,  didinguifli  it  from  cor- 
rofive  mercurial  fublimate.  The  cryftals  which  it  a( 
fords  by  flow  fublimation  are  tetrahacdral  prifms  termi- 
nating in  four  Tided  prifms.  We  often  find  among  them 
two  very  long  tetrahasdral  pyramids,  joined  at  the  bafe, 
and  forming  very  acute  odohasdrons. 

The  procefs  for  preparing  fweet  mercury,  which  vc 
bave  here  defcribed,  is  attended  with  feveral  inconvs- 
niences.  To  triturate  corrofive  mercurial  muriate  with 
running  mercury  till  the  mercury  be  entirely  confound- 
ed with  the  mercurial  muriate,  is  a  very  tedious  and  a 
very  diiEcult  taflc.  A  very  minute  acrid  du(t  arifes 
from  the  mixture  while  it  is  triturated  ;  and  the  opera- 
tor mud  bind  a  cloth  over  his  mouth  and  nofe  to  fecure 
himfelf  againft  the  dangerous  effects  of  that  duft.  The 
mercury  is  never  entirely  incorporated  with  the  mercu- 
rial muriate ;  and  the  fublimation  is  very  flow.  M. 
Baume  advifes  to  pour  a  little  water  on  the  matters  25 
they  are  triturated.  That  fluid  aflifts  the  trituratic^) 
and  hinders  the  faline  duft  from  rifing*  He  Ukewil« 
employs  levigation,  which  contributes  greatly  to  make 
the  mercury  incorporate  with  the  fait.  Laftly,  to  make 
fure  of  obtaining  mild  mercurial  muriate  without  the 

leaft 
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lead  mixture  of  corrofive,  Zwelfer^  Cartheufer,  and  M, 
Baume  propofe  to  pour  on  mild  mercurial  muriate,  aite 
it  has  been  once  fublimated,  a  quantity  of  hot  w^ter  to 
diflblve  the  corrofive  muriate,  and  then  dry  the  fait, 
which  is  after  this  found  to  be  much  milder  than  before. 
M.  Cornet te,  to  hinder  the  volatilization  of  the  corrofive 
mercurial  muriate  triturated  with  the  mercury,  propo- 
fes  to  make  ufe  of  nitrate  of  mercury  precipitated  by 
ammoniac,  which  unites  with  corrofive  mercurial  mu- 
riate much  more  readily  than  running  mercury.  But 
as  this  oxide  is  not  fo  pure  as  mercury,  we  cannot  de- 
pend'fo  much  on  the  virtues  of  the  preparation  into 
which  it  enters.  M.  Bailleau,  an  apothecary  in  Paris, 
has  given  the  Royal  Society  of  A^edicine  a  procefs  for 
preparing  mild  mercurial  muriate,  without  being  expo- 
fed  to  any  of  thofe  accidents  which  render  the  prepara- 
tion of  it  in  the  common  way  fo  very  dangerous.  This 
procefs  xonfifts  in  forming  a  pafte  with  corrofive  mercu- 
rial fublimate  and  water,  and.  triturating  it  with  run- 
ning mercury.  Half  an  hour's  trituration  is  here  fuffi- 
cient ;  becaufe  the  water  contributes  to  confound  the 
two  Jubilances  together.  The  procefs  ends  with  digeft- 
ing  the  mixture  on  a  land-bath  by  a  moderate  heat  ; 
the  matter  changes  its  original  grey  colour  for  white, 
and  forms  a  very  mild  mercurial  muriate,  which  heeds 
only  to  be  fublimated,  in  order  that  it  may  be  perfedly 
pure. 

M.  Baume  has  made  feveral  experiments  on  mild 
niercurial  muriate.  He  has  ihown,  that  it  cannot  receive 
an  additional  quantity  of  mercury  ;  that  it  cannot  exift 
in  a  middle  date  between  corrofive  and  mild  mercurial 
muriate ;  as  where  a  fmaller  portion  of  mercury  is  mix- 
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ed  with  the  corrofive  mercurial  muriate  than  \rba:  is 
requifite  to  make  it  pafs  into  the  (late  of  mild  merci- 
rial  muriate,  a  portion  of  this  latter  fait  is  formed,  ia 
proportion  to  the  quantity  of  the  mercury  and  the  ex- 
cefs  of  the  corrofive  ;  and  the  reft  of  the  corrofive  mcr. 
curial  muriate  is  volatilized  without  fuflering  any  'A- 
teration  of  its  properties,  Thefe  two  compounds  arc  il- 
parable  by  hot  water. 

From  the  refearchcs  of  the  fame  chemifl  we  learn fcr- 
thcr,  ihat  it  is  poflible  to  change  the  mild  into  conoid" 
mercurial  muriate,  by  fublimating  it  with  decrepitate^ 
marine  fait  and  white  calcined  fulphate  of  iron.  In  trJ: 
operation  the  muriatic  acid  being  difengaged  and  oxi- 
genated  by  the  fulphuric  acid,  unites  with  the  mercuria 
oxide  of  the  mild  mercury,  and  converts  it  into  corrj- 
five  muriate.  M.  Baume  is  convinced  that  mild  niercj- 
rial  muriate  differs  greatly  from  the  corrofive,  as  it  car* 
not  unite  with  ammoniacal  muriate  as  the  corrol;ve  mer- 
curial  nmriate  does  in  the -preparation  oi  ahmbroib  fu'u 
or  a:nmo:  iaco-niercurial  muriate.  It  is  even  from  the 
confiJcration  of  its  poflefTing  this  property,  that  he  a.:- 
vifes  to  wafli  mild  mercurial  muriate  with  w^ater  impre.:- 
nated  v/Ith  a  little  aninionfacal  muriate,  to  carry  off  :u 
the  corrofive  mercurial  nmriate  which  renders  that  L: 
fo  very  fcluble.  Lafliy,  he  has  difcovcrcd,  that  at  er. .:. 
fablimatiejn  mild  mercurial  muriate  lofes  a  part  of  h 
mercury,  and  aiTords  of  confjquence  a  certain  quantity 
of  corrofive  mercurial  muriate  ;  fo  that  by  repeated  .*> 
blimation  mild  mercurial  muriate  may  be  entirely  ch:r.- 
ged  into  corrcfive.  From  this  laft  fack  it  follows,  tt-: 
the  medicine,  known  by  the  mvncoi mercurial panj:.'* 
Vfhich  confifi:s  of  mild  mercurial  muriate  nine  tiiTK* 

fubiimrt*-:.' 


Of  Mercury.  435 

fublimated,  is  fo  far  from  being  rendered  milder  by  be# 
ing  fo  often  fublimated,  as  moft  chemifts  and  phyficians 
think,  that  at  the  end  of  the  procef>  it  differs  in  no  re- 
fpeft  from  what  it  was  at  firft.  A  circumftance  at- 
tending the  operation  may  be  confidered  as  a  farther 
proof  of  this  aflertion ;  at  each  fublimation  a  fmall 
quantity  of  white  powder  which  rifes  firft  is  taken  off", 
which  powder  is  nothing  but  corrofive  mercurial  mu# 
riate.  It  is  to  be  obferved,  that  there  remains  in  the 
phials  a  reddifh  powder  when  mild  mercurial  muriate 
is  prepared.  It  is  an  oxide  of  iron  produced  from  the 
fulphate  of  iron,  which  is  employed  in  preparing  the 
common  corrofive  mercurial  muriate.  Part  of  that  ox- 
ide afcends  with  the  fait  in  its  fublimatioif ;  nay,  the 
mercurial  fait  in  vapour  is  often  found  to  carry  up 
with  it  even  pieces  of  glafs. 

Late  experiments  on  the  oxigenated  muriatic  acid 
render  the  theory  of  the  formation  of  mild  mercurial 
muriate  much  more  clear  and  intelligible  than  it  for- 
merly  was.  It  has  of  late  been  proved,  that  corrofive 
mercurial  muriate  is  a  compound  of  oxigenated  muria* 
tic  acid  with  oxide  of  mercury,  and  that  mild  mercu- 
rial  muriate  is  formed  by  the  common  muriatic  acid 
with  the  farte  metallic  oxide  :  or,  what  amounts  to  the 
fame  thing,  that  in  corrofive  muriate  the  oxide  is  much 
more  calcined  than  in  mild  muriate.  Thus  when  run- 
ning mercury  is  triturated  with  corrofive  mercurial  mu-» 
riate,  the  mercury  feizes  the  excefs  of  oxigene  contain- 
ed in  the  muriatic  acid,  or  in  the  former  mercurial  ox- 
ito, ;  and  as  a  larger  quantity  of  mercurial  oxide,  and 
that  lefs  completely  calcined,  now  combines  with  the 
fame  quantity  of  muriatic  acid,  the  nature  of  the  fait 
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is  of  con&quence  altered,  and  it  becomes  le£s  faliat, 
more  infipid,  and  more  infoluble :  ina  word,  its  quaUucs 
are  weakened  in  proportion  a$  the  quantity  of  the  mer- 
curial o^ide  is  jncreafed. 

The  boracic  acid  does  not  diflolve  mercury  wiihoci 
an  intermedium  ;  but,  in  the  ftate  of  oxide,  it  a&s  ini 
very  difcernible  manner  on  this  femi-metal.  Thde 
two  fubftances  may  be  combined  by  the  way  of  double 
affinity.  When  a  folution  of  common  borax  is  poured 
on  a  nitric  folution  of  inercury,  a  very  copious  yellow 
precipitate  is  produced,  which  was  firft  made  known  by 
M.  Monnet.  In  this  operation  the  foda  of  the  bonx, 
uniting  with  the  nitric  acid,  forms  nitrate  of  foda; 
while  the  boracic  acid  unites  with  the  mercurial  oxide 
to  form  an  almoft  infoluble  neutral  fait  which  is  prec- 
pitated.  The  liquor  being  filtrated  and  evapcnated,  af- 
fords fine  brilliant  pellicles  of  mercurial  borate.  Wc 
muft,  however,  obferve,  that  the.  fait  conta.ins  ap(Mtioii 
of  oxide  pf  mercury  not  combined  with  the  boradc 
acid,  becaufe  there  is  alwavs  an  excefs  of  foda  in  com- 
mon  borax.  To  obtain  borate  of  mercury  by  this  pre- 
jcefs,  the  borate  of  foda  employed  mtifl  be  fully  Bcurra- 
lized,  that  is,  completely  faturated  with  boracic  adi 
This  fait,  when  expo&d  to  the  air,  turns  fenfibly  greco; 
ammpniacal  muriate  renders  it  very  foluble,  and  forms 
with  it  a  compound  refembling  ammoniaco-mercuri:! 
muriate.  Lime-water  makes  it  yield  a  yellow  predpi- 
tate ;  the  colour  of  which  changes  to  a  deep  red  :  wi.h 
potalh  it  yields  a  white  precipitate.  According  to  tl' 
academicians  of  Dijon,  corroGve  mercurial  muriate  j' 
likewife  decompofed  by  borax,  which  produces  in  a  1 - 
lupon  of  it  a  brick-coloured  precipitate.     Water  boik- 
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over  this  precipitate  becomes  of  a  lacteons  appearance 
on  the  addition  of  a  fixed  alkali ;  which  proves  it  to 
contain  mercurial  borate. 

We  know  not  in  what  manner  the  fluoric  acid  a£ls 
upon  mercury  ;  and  we  are  no  lefs  ignorant  of  the  ef-> 
feels  which  the  carbonic  acid  produces  upon  it.  We 
know  only  that  water  impregnated  with  this  acid  ne- 
ver  afb  upon  mercury ;  though  folutions  of  mercury 
decomposed  by  alkaline  carbonate  afford  precipitates 
very  different  from  thofe  produced  by  the  fame  falts  in 
a  pure  cauftic  flate,  and  mercurial  oxide  readily  ab- 
forbs  carbonic  acid  from  the  atmofphere. 

The  neutral  falts  have  but  very  little  power  of  ac- 
tion on  mercury.  Although  tkid  aflfertion  chiefly  re- 
gards the  various  fulphuric  fait?,  yet  1  have  remark- 
ed, that  quickfilver  incorporates  readily  with  fulphate 
of  pota(h« 

Mercury  does  not  appear  capable  of  altering  ammo- 
ni^cal  muriate  by  diftillation.  Bucquet,  who  made 
this  experiment,  has  obferved,  that  one  patt  of  the  fait 
is  not  quite  fufficient  to  abforb  two  parts  of  mercury, 
and  the  mixture  gwes  no  ammoniac  by  diftillation.  Yet 
the  Count  de  Garaye  had  made  up  with  thefc  two  fub- 
ftances  a  medicine  to  which  he  gave  the  name  of  tihc^ 
ture  of  mercury.  Macquer,  on  examining  his  procefs, 
found  it  to  be  perfectly  coniiftent  with  what  he  had 
advanced.  It  confifts  in  triturating  in  a  marble  mor- 
tar an  ounce  of  running  mercury  with  four  ounces  of 
ammoniacal  muriate,  moiftening  the  mixture  with  a^ 
Httle  water  till  the  mercury  be  entirely  incorporated 
^vith  the  fait,  leaving  that  matter  then  expofed  to  the 
^^r  for  five  or  fix  weeks,  and  ihaking  it  from  time  to 
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time.  It  muft,  at  the  end  of  this  time,  be  triiurad 
anew,  put  in  a  matrafs  upon  a  fand-bath  with  good  alec- 
hoi  fwimming  above  the  powder  to  the  depth  of  two 
inches,  and  caufed  to  boil  gently.  The  alcohol  acquires 
^  yellow  colour,  and  appears  to  contain  mercury  froa 
its  communicating  a  white  colour  to  a  plate  of  copper. 
It  appears,  that  in  this  operation  the  ammoniac  is  gn- 
dually  difengaged  by  the  mercury,  forming  of  confe. 
quence  ammoniaco-mercurial  muriate,  of  which  part  is 
difTolved  by  the  alkali;  and  that  the  difference  in  the 
quantity  of  the  mercury,  and  the  gentle  a£Uon  which 
takes  place  during  the  maceration,  are  the  caufes  vhy 
this  experiment  gives  a  refult  different  from  Buc- 
*quet's. 

We  know  not  in  what  manner  hydrogenous  gas  aSs 
Upon  mercury.  Mercury  combines  very  well  witii 
fulphur.  When  one  part  of  this  metallic  fluid  is  tritu- 
rated with  three  parts  of  fulphur,  the  mercury  is  by 
degrees  confounded  with  the  fulphur ;  and  the  reful: 
is  a  black  powder,  black  fulphure  of  mercury,  or  i- 
ibiop*s  mineral^  the  colour  of  which  deepens  when  it  i> 
fuffercd  to  lie  afide.  This  combination  is  produce^ 
more  quickly  when  the  merc6ry  is  mixed  with  melrei 
fulphur :  on  fhaking  that  mixture  it  becomes  blad. 
and  eafily  takes  fire.  In  order  to  make  it  retain  i: 
black  colour,  it  muft  be  taken  out  of  the  fire,  the  flame 
muft  be  quenched  as  foon  as  it  appears,  and  the  maner 
ftirred  till  it  become  folid,  and  form  into  lumps.  It  i* 
then  reduced  to  powder,  and  pafled  through  a  fir- 
fieve.  Black  fulphure  of  mercury  is  not  the  moft  ina- 
mate  pofSble  combination  of  fulphur  with  mcrcun- 
When  this  compound  is  expofed  to  an  intenfe  hear,  i: 
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1*  ladles,  mcfl  of  the  fulphur  burn?,  and  there  remains, 
alccr  that  combuflion,  a  matter  whicli,  when  pulverized, 
takes  a  violet  colour.  Tliis  powder  is  put  into  a  ma- 
traf-i,  which  is  heated  till  its  bottom  become  r^d  :  it  is 
kvpt  for  feveral  hours  in  that  (late  till  the  matter  be 
raLlifiiated.  In  the  upt^er  part  of  the  matrafs  there  is 
f'jjnd  altjr  t!ie  fublimation  a  quantity  of  artificial  cln- 
"tiubar,  or  red  fulohure  of  mercury  cryftallized  ia 
needles  of  a  brown  red  colour,  Ls  colour  is  more  live- 
ly-, a:iJ  not  fo  deep  when  it  is  fublimaied  in  retorts. 
'1  he  Dutch  prepare  cinnabar  for  the  arts  in  the  great 
way.  This  compound  is  fcarce  volatile ;  and  of  con- 
Tt-OJcnce  a  very  intenfe  heat  is  requifite  to  fubiimate  it. 
When  much  divided  by  Icvigation,  it  takes  a  bright 
red  colour  ;  and  is  then  called  vermillion.  If  heated  in 
c^pen  vefu^ls,  the  fulphur,  wliich  amounts  to  one- fourth 
c»f  the  wliolc  quantity,  burns  by  degrees,  while  the 
mifrcury  is  \olatilized.  Many  fubuances  have  fuch  an 
a!:inity  with  fulpiiur  as  to  dccomporc  red  fulphure  of 
mercury.  Lime  and  alkalis  poflefs  this  property. 
A^'hen  thty  are  beared  in  a  retort  with  this  fiuphure, 
in  the  proportion  of  two  parts  of  the  fulphure  to  one  oi 
the  lime  or  alknii,  running  mercury  is  obtained,  and 
the  refidue  is  alkaline  or  earthy  fulphure.  ?J.  Baumc 
I]-is  tvtii  observed  this  dccompofuion  to  take  place  in  the 
humid  wav,  v.  lien  red  fuk^hure  of  mercury  is  boiled  v.iih 
II- :uor  of  axed  alkali.  It  is  rcmarkuble,  that  ihe  alkali 
v.i::c:i  h^  e.rrTjIcned  was  not  ciVcrvefcent.  Several  of  the 
Ic  !ii-r.^ctals,  fi:ch  as  cc^bult,  biiiiiuth,  and  anilir.oru', 
l::;e\wfc:  poiicfs  the  prt)perty  of  attracting  fulphur  from 
i.>c:rc'jry.  ^Ve  will  lee,  that  alr.ii>it  all  llie  mj'.ih,  lead, 
ti'ij  ironj  cr^oer,  zi\l  nlver,  h:ive  agr^/.tjr  allk;i:y  than 
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mercury  with  fulphur ;  and  of  confequenc^  decompofe 
cinnabar :  they  may  be  therefore  ufed  indifferently  to 
feparate  the  mercury  of  that  compound.  This  metal- 
lie  fluid,  when  obtained  by  fuch  a  procefs,  is  perfedly 
pure.  It  is  diftinguiflied  by  the  name  of  mercury  re- 
"uivified from  cinnabar. 

Mercury  inflantaneoufly  decompofes  alkaline  fui- 
phures ;  but  the  decompofition  is  attended  with  differ- 
ent phaenomena,  according  to  the  differences  of  the 
nature  pf  thofe  compounds.  With  the  alkaline  fol- 
phures  it  forms  black  fulphu^-e  of  mercury,  which  at 
the  end  of  feveral  years  is  found  to  have  changed  its 
black  colour  fot  red.  With  ammoniacal  fulphure,  it  is 
very  readily  converted  into  black  fulphure  of  mercur)-, 
which  in  a  few  hours,  or  at  mod  in  a  few  days^  takes  i 
bright  red  colour.  The  yellow  and  the  red  oxide  cf 
mercury  formed  by  fire  or  acids,  exhibit  fooner  or  la- 
ter the  fame  phaenomenon  with  ammoniacal  fulphure. 
It  is  produced  alfo  by  pouring  that  liquor  into  folutions 
of  mercury,  and  expofing  the  black  precipitate  which 
refuits  from  the  mixture  to  a  new  quantity  of  ammo- 
niacal fulphure. 

I  have  difcovered  that  running  mercury  (haken  in 
Water  impregnated  with  hydrogenous  gas,  fulphurated 
either  naturally  or  artificially,  decompofes  ic  very  rea- 
dily, and  changes  it  into  a  black  fulphure.' 

We  know  hot  in  what  manner  mercury  aSs  upon  a:* 
fenic.  Cobalt  does  not  combine  with  this  metal.  Bis- 
muth is  eafily  diffolved  by  mercury,  and  combines  with 
it  in  any  proportion.  From  this  combination  there  re- 
fuits^ a  bright  friable  matter,  which  is  more  or  left  foiid, 
according  to  the  quantity  of  the  bifmuth.     This  amal- 
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gam  cryftallizes  into  four-fided  prifms,  which  fome* 
times  unite  into  o&ohxdrons ;  but  it  is  mod  frequently 
cryftallized  into  thin  plates  of  no  regular  form.  This 
cryftallization  is  efieded  by  melting  the  combination, 
and  fuflfcring  it  to  cool  flowly.  When  heated  in  a  re- 
tort, it  gives  out,  but  very  refraftorily,  the  mercury 
'which  ferves  as  its  folvent. 

Mercury  does  not  unite  with  either  nickel  or  anti- 
mony. It  combines  with  zinc  by  fufion.  The  amal- 
gam which  it  forms  with  that  femi-metal  is  foiid :  it  is 
rendered  fluid  by  trituration.  When  it  is  melted  and 
fuffered  to  cool  flowly,  it  cryftallizes  into  plates,  which 
appear  to  be  fquare  and  rounded  on  the  edges. 

Mtvcury  is  much  ufed  in  the  arts,  fuch  as  gilding, 
illvering  of  glafs,  the  conftrudion  of  meteorological 
inftruments,  metallurgy,  &c.  This  lemi-meta)  is  ufed 
in  medicine  almoft  under  every  form. 

1.  Crude  mercury  was  formerly  ufed  in  the  volvulus 
or  iliac  paflion.  It  is  ftill  boiled  in  water,  and  is 
thought  to  communicate  the  properties  of  a  vermifuge. 
It  is  mixed  with  fats,  and  applied  as  an  ointment  in 
venereal  complaints. 

2.  Turbiib  mineral^  or  yellow  oxide  of  mercury  by 
the  fulphuric  acid,  has  been  recommended  in  the  fame 
cafes,  in  dofes  of  a  few  grains.  This  medicine  is  emetic 
and  purgative,  and  often  ads  too  powerfully  in  both 
ways. 

3.  Mercurial  water,  or  its  nitric  folution,  is  ufeJ  by 
furgeons  as  a  powerful  efcharotic.  Red  precipitate, 
or  red  oxide  by  the  nitriciacid,  ferves  the  fame  purpofe. 
There  is  a  citron-coloured  ointment  made  up  of  hog's- 
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lard  and  the  nitrous  folution  of  mercury,  which  is  an 
excellent  cure  for  the  itch. 

4.  Corrofive  mercurial  muriate  has  been  recommend- 
ed by  Sanches  and  Van  Swieten  in  venereal  cafes.  A 
few  grains  of  it  are  diflblved  in  aquavita^  and  the  fo- 
lution is  taken  by  fpoonfuls,  diluted  in  a  large  quantity 
of  fome  cooling  drink.  The  ftate  of  the  bread  (hould 
be  attended  to  when  thi$  medicine  is  adminiftered, 
and  it  ought  to  be  given  with  great  caution.  Mild 
mercurial  muriate  is  given  in  dofes  of  twelve  or  fifteen 
grains  as  a  purgative,  and  in  dofes  of  three  or  four 
grains  as  an  alterative.  Phagedenic  water  is  ufed  in 
furgery  to  corrode  and  deftroy  proud  flelh,  &c. 

5.  Mercurial  borate  has  been  fuccefsfully  employed 
iti  venereal  cafes  by  M.  Chauffier,  the  younger,  of  the 
Academy  of  Dijon. 

6.  Cinnabar  has  been  uridefervedly  confidered  as  anti- 
fpafmodic  and  fedative.  It  is  one  of  the  principles  of 
Stahl's^.v/w  temperansy  which,  according  to  the  phar- 
macopoeia, is  prepared  by  mixing  exaftly  three  drachms 
of  fulphate  of  potafh  and  nitre  with  two  fctuples  of  ar- 
tifical  cinnabar.  This  medicine  is  adminiftered  by  ex- 
pofing  the  fick  perfon  to  its  vapour ;  and  this  is  one 
way  of  treating  people  ill  with  the  venereal  difeafe  by 
fumigation. 

All  the  preparations  of  mercury  which  are  given  in- 
ternally fuit  many  other  cafes  bcfides  venereal  com- 
plaints :  Such  are  almoft  all  cutaneous  diforders,  a 
fcrophulous  habit,  fwellings  of  the  lymphatics,  &c. 
Yet  we  cannot  avoid  obferving,  that  thefe  medicines, 
and  efpecially  all  faline  preparations  of  it,  ought  to  bt 
employed  by  none  but  IkiUul  and  cautious  phyficians ; 

ic 
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It  is  dangerous  for  the  health,  and  even  for  the  lives  of 
mankind,  that  mercurial  medicines  fhould  be  in  the 
hands  of  fuch  a  number  of  people  who  are  deftitute  of 
the  knowledge  requifite  to  adminilter  them  ;  not  only 
fo  as  to  be  beneficial,  but  even  fo  as  not  to  do  harm.  I 
have  oftener  than  once  been  witnefs  of  the  unhappy  ef- 
fects produced  by  thofe  preparations,  in  confequence  of 
their  having  been  adminiflered  by  ignorant  perfons, 
with  that  raihnefs  which  ufually  accompanies  igno- 
rance. We  even  think  this  an  obje£t  of  fuiEcient  im« 
portance  to  merit  the  attentron  of  government. 
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TIN,  the  i  Jupiter  of  the  alchemifts,  is  an  impcrfecl 
metal  of  a  white  colour,  brighter  than  lead,  but 
darker  than  filver.  It  is  ^ery  pliant,  and  when  bent 
produces  a  crackling  noife,  called  the  cry  of  tin.  We 
have  already  taken  notice  of  the  fame  phaenomenon 
as  belonging  to  zinc,  though  in  a  lefs  eminent  degree ; 
a  circumftance  which  has  induced  Malouin  to  reprefeat 
that  femi- metal  as  nearly  allied  to  tin. 

This  noife  feems  to  be  owing  to  the  feparation  cr 
fudden  divifion  of  the  parts  of  the  metal ;  and  it  feems 
to  indicate  a  fra£lure  y  though  tin,  as  we  have  already 
mentioned,  makes  fcarce  any  refiftance  to  a  force  di- 
refted  to  bend  it. 

Tin  is  the  lighted  of  all  metals.  It  is  fo  foft  that  it 
may  be  marked  with  the  nail.    In  water,  it  lofes  about 
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a  feventh  part  of  its  weight.  It  has  a  very  difcernable 
fmell ;  and  when  it  is  rubbed,  that  property  becomes 
ftill  more  eminent.  It  has  a  difagreeable  tafte,  pecu« 
I'ar  to  itfeif ;  which  is  even  fo  ftrong,  that  fome  phy- 
ficians  afcribe  to  this  metal  a  pretty  ftrong  power  of  ac- 
tion on  the  animal  oeconomy,  and  have  recommended 
it  for  feveral  difeafes.  Beii^  fo  exceflively  foft,  it  is 
fcarcely  fonorous.  Tin  holds  the  fecond  place  among 
metals,  arranged  according  to  their  dudility  \  mider 
the  hammer  it  is  reducible  into  plates  thinner  than 
leaves  of  paper,  which  are  of  great  ufe  in  various  arts. 
It  is  fo  tenaceous  that  a  tin  thread,  oneptenth  of  an 
inch  in  diameter,  will  fuftain  without  breaking  a  weight 
of  forty-nine  pounds  and  an  half.  M.  Mongez  could 
not  accompliih  the  cryftallation  of  tin.  M.  de  la 
Chenaye,  a  gentleman  who  (ludied  under  me,  has 
eiFefled  it  by  melting  the  metal  for  feveral  times  fuc- 
ceffively.  By  this  means  he  has  obtained  a  rhom« 
boidal  aflemUage  of  prifms  or  needles  joined  longitu- 
dinally, t 

Moil  mineralogifts  ftill  doubt  the  exiftence  of  native 
tin.  Several  authors,  however,  ailert,  that  it  is  found 
in  Saxony,  in  Bohemia,  and  in  Malacca.  It  even  ap- 
pears to  be  a  fufEdently  attefted  fad,  that  there  is  na- 
tive tin  in  the  tin  mines  of  Cornwall :  and  M.  Sage  has 
defcribed  a  fpecimen  which  he  received  from  Mr 
Woulfe,  a  London  chemift.  The  fradure  of  that  piece 
is  grey  and  fparkling ;  when  beaten  on  the  anvil,  it 
forms  brilliant  and  flexible  plates  of  tin.  Tin  is  more 
commonly  met  with  in  a  black  oxide,  ponderous,  o- 
paque,  and  cryftallized  in  odohsedrons,  or4 pyramids 
t'ith  four  faces.     The  texture  of  this  ore  is  fparry  and 

lamellatcd 
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lamellated.  Bucquet  thinks  it  to  be  a  true  carbonate 
of  tin.  M.  Sage  is  of  opinion  that  thefe  cryftals  arc 
mineralized  by  the  muriatic  acid.  We  may  here  re- 
coiled, that-moft  of  the  white  tin  cryftals  in  cabi- 
nets of  natural  hiftory  are  native  tunftate  of  lime, 
which  ought  not-  to  be  confounded  with  oxide  of  an, 
as  the  oxide  does  not  become  yellow  when  brought  in- 
to  contaft  with  acids. 

Thofe  matteis  which  are  denominated  tin  ores,  are 
of  a  very  deep  red,  violet,  or  black  colour,  and  tbdr 
fpecific  gravity  is  greater  than  that  of  any  other  mine- 
ral  fubdancct  Thofe  ores  are  fometimes  cryftalUzed  is 
irregular  cubes  ;  and  they  are  then  difperfed  in  groups 
in  a  gangue  of  quartz  or  fufible  fpar.  They  are  oftea 
in  maffes,  not  cryflallized.  Almoft  all  naturalifts  agree 
in  confldering  coloured  tin  ores  as  combinations  of  tin 
with  arfenic,  and  afcribe  their  uncommon  ponderofity  to 
the  want  of  fulphur.  Meffrs  Sage  and  Kirwan,  hov- 
ever,  think  they  contain  no  arfenic  ;  and  the  former  of 
thefe  gentlemen  affirms  that  they  need  not  to  be  roaft- 
cd,  unlefs  they  be  mixed  with  arfenical  pyrites ;  which 
is  very  common.  Mr  Kirwan  fays,  black  tin  ore  con- 
tains -rV-T  of  tin  and  iron. 

loo 

Bergman  has  found  fulphureous  tin  in  nature  among 
the  minerals  of  Siberia.  The  fpecimen  of  that  fulpbu- 
r^ious  ore  which  be  examined,  was  externally  of  a  gold- 
en colour,  refembling  aurum  mujftvum  :  within,  it  ex- 
hibited a  mafs  of  radiated  cryftals,  ^^hite,  fparkliQe> 
brittle,  and  changing  its  colour  when  expofed  to  ihs 
air.     He  found  it  to  contain  a  little  copper. 

We  know  of  no  tin  ores  any  where  in  France.  M. 
Baumc,   however,   fufpeds  that  fuch  ores  might  ^• 
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found  In  the  neighbourhood  of  Alen^on,  and  in  fome 
of  the  diftrifts  of  Brittany,  becaufe  there  are  rock  cry* 
flals  found  there  which  appear  to  be  coloured  with 
this  meral.  The  places  where  thefs  ores  abound,  and 
are  wrought  in  mines,  are  the  counties  of  Cornwall 
and  Devonfliire  in  England,  Germany,  Bohemia,  Sax- 
ony, the  ifland  of  Banca,  and  the  peninfula  of  Malacca 
in  the  Eaft  Indies.  Many  naturalifts  confider  garnets 
as  a  kind  of  tin  ore,  on  account  no  doubt  of  their  co- 
lour. They  differ  from  tin  ores,  however,  in  tranC* 
parency  and  in  gravity ;  for  they  are  much  lighter. 
Befides,  Mefirs  Buchet  and  Sage  could  find  no  tin  in 
them. 

Tin  exifts  in  nature  but  in  a  few  different  dates, 
which  may  be  all  reduced  to  the  following  varie- 
ties. 

Varieties. 

I.  Native- tin  in  leaves  or  plates, 
i.  White    fparry  tin    ore,    in  odohaedral    cry- 
ftals. 

3.  Tin  ore,  of  a  yellowifli  white  colour,   often 

coloured  and  femi-tranfparent,  like  topazes. 

4.  Brown,  reddiQi  tin  ore,  in  cubic  cryflals,  more 

or  lefs  regular. 

5.  Tin  (lone,  Swedifh  tinberg.     This  is  a  (lone  or 

fand,  containing  a  mixture  of  oxiile  of  tin  ; 
it  is  grey,  blue,  brown,  or  black. 

6.  Sulphureous  tin  ore,  of  a  bright  colour,  re- 

fembling  zinc,   or  gilded   over  like  aurum 
myjjivum. 

In 
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In  affaying  tin  ore,  it  muft  firft  be  broken  intj 
lamps,  then  coarfely  pounded,  waOied,  and  roafted  in 
a  covered  earthen  capfule,  in  order  that  as  Htdetinas 
poffible  may  be  lofl:,  care  being  taken,  however,  to 
imcover  it  from  time  to  time ;  for  as  Cramer  has  re- 
marked,  a  good  deal  of  the  metal  is  loft  when  it  is 
roafted  in  a  veffel  conflantly  open.  It  muft  likevik 
be  quickly  roafted,  that  the  tin  may  not  be  too  mQch 
oxidated.  M.  Baume  propofes  to  obviate  thefe  incoa* 
leniencies  by  adding  a  portion  of  pitch,  which  rcduccj 
a  part  of  the  oxide  formed  in  this  operation.  After  the 
ore  is  roafted,  it  is  to  be  quickly  melted  in  a  ctmWt, 
vith  three  parts  of  black  flux  and  a  little  decrepitareL 
marine  fait.  By  comparing  the  three  weights  oftbe 
wafhed  ore,  thp  roafted  ore,  and  the  metallic  button,  it 
may  be  eftimated  what  quantity  of  extraneous  matter: 
the  ore  contains,  and  what  quantity  of  tin  it  will  yol^ 
in  the  hundred  weighty  Cramer  propofes  a  more » 
peditious  way  of  making  this  affay,-^by  which,  too,  le^ 
of  the  ore  is  likely  to  be  loft, — by  ufing  two  large  piece.- 
of  charcoal  burnt  from  linden  or  hazel  wood.  IncEr 
of  thefe  there  muft  be  a  cavity  to  contain  the  tin  crc 
with  the  pitch,  inftead  of  a  crucible  ;  the  other  mi 
be  pierced  with  a  fmall  hole  through  which  the  ^ 
pours  may  efcape.  The  latter  of  thcfe  covers  thef> 
iner;  and  they  muft  firft  be  luted,  and  after^ari 
tound  together  with  iron  wire.  They  are  then  let  ci 
fire  before  the  nozzle  of  a  forge  bellows,  and  kepi  :p 
againft  it  by  other  pieces  of  coal  placed  around  the-. 
After  they  have  got  enough  of  the  fire  to  melt  ib^  '** 
ihey  are  quenched  with  water,  and  the  tin  is  found  i^* 
metallic  button. 


Of  Tin.  449 

Bergman propofes  to affay  rin  oresby  diffolving  them 
in  fulphuric  acid,  mixing  that  with  muriatic  acid,  and 
precipitating  the  mixture  with  fixed  alkali.  When 
the  tin  is  pure,  1 3 1  grains  of  this  precipitate  are  equal 
to  1 06  grains  of  tin.  If  it  be  mixed  with  copper  and 
iron,  thefe  extraneous  metals  are  feparated  by  the  nitric 
and  the  muriatic  acid. 

The  working  of  tin  ores  in  the  great  way  refembles 
the  foregoing  procefs.    It  is  often  neceiTary  to  make  fires 
of  wood  in  the  mines,  to  calcine  and  loften  the  gangue, 
which  is  very  hard.    Thefe  fires  difengage  vapours  that 
are  very  noxious.     This  procefs  is  followed  at  the  hills 
of  Geycr.     At  other  times  thofe  ores  are  found  in  fand, 
at  no  great  depth  beneath  the  furface  of  the  earth,  as 
at  Eiberftock.    The  ore  is  there  pounded,  and  waflied 
in  boxes  with  fmall  partitions  of  cloth  to  retain  the  me- 
tallic particles.     It  is  then  roaded  in  reverberating  fur- 
naces, with  horizontal  chimnies  fitted  to  them,  to  col- 
lect the  fulphur  and  arfenic.    It  is  then  melted  in  a  fur- 
nace with  a  fleeve  furnace,  and  poured  into  moulds 
which   give  it   the  form    of  blocks.      In   Germany 
and  England  tin  ores  are  wrought  nearly  in  the  fame 
way.     In  England,  according  to  Geoffroy,  the  metal  is 
always  alloyed  with  lead  and  copper,  and  never  ex- 
ported pure.     There  comes  too  from  England  a  ftalac- 
titical  tin,  which  is  called  tin  in  tears^  and  is  thought  to 
be  very  pure  ;  but  Meflrs  Bayen  and  Charlard  affirm, 
that  it  is  fometimes  mixed  with  copper.     The  hardefl: 
rin  of  all  is  that  which  comes  from  Malacca  and  Ban- 
ca.      Malacca  tin  appears  to  have  been  run  into  moulds, 
which  have  given  it  the  form  of  a  truncated  quadran- 
gular pyramid,  with  a  thin  border  round  its  bafe  \  this 
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is  faid  to  be  in  hats  or  flandifhes :  Each  piece  weigb 
about  a  pound.  The  tin  of  Baaca  is  in  obK^ng  irigctj 
of  about  forty- five  or  fifty  pounds.  Both  thefe  kinds 
of  tin  are  covered  with  a  dirty  grey  ruft  more  or  k^ 
thick. 

The  tin  which  we  get  froni  Engand,  and  which 
being  clieaper,  is  much  more  ufed  than  pure  Indian 
tin,  is  in  large  blocks,  each  weighing  about  thrte 
huiulred  pounds.  It  is  alloyed  with  copper,  either  r- 
tifid.'JIy,  as  GeolTroy  tells  us,  or  naturally,  accorJ- 
inv;-  to  the  Baron  de  Dietrich.  That  it  may  be  nths 
ealily  retailed,  it  is  afterwards  melted  into  fmall  in- 
gots or  uicks,  about  nine  or  ten  inches  in  circumfercnc:, 
and  a  foot  and  an  half  long  *. 

When  tin  is  expolcd  to  fire  in  clofe  veficls,  it  mcl's 
very  quicl/iy.  It  is  the  mod  fufible  of  all  metals,  li 
the  fire  be  not  increafed  it  remains  fixed  ;  but  its  fixin 
appears  to  be  only  relative  ;  for  when  expofeJ  to  a 
confiderable  heat  it  is  volatilized,  as  we  are  juft  abcu: 
to  relate.  If  heated  in  contaft  with  air,  there  ap* 
pears  on  its  furface  as  foon  as  it  is  melted  a  dirty  gro 
pel'icle,  which  contra£l:s  into  a  flirivelled  form.  Oar:- 
king  it  olF,  we  behold  the  tin  beneath,  with  its  prop:: 
metallic  luflrc,  and  not  adiiering  to  the  pellicle:  t-^ 
it  lofes  this  appearance,  and  a  new  pellicle  is  fornicJ 
The  whole  quantity  of  tin  in  fufion  may  be  in  ii-'- 
maiincr  carried  off  in  pellicles,  which  are  nothing  bL.: 
the  oxide  of  the  metal,  or  a  combination  of  the  nic::^. 

*   It  is  not  tiue  that  tin  is  never  exported  pure  from  Ei^gb:* 
But  however  pure  it  may  be  exported,  foreign  tin- founders  mu.-^ 
take  care  to  alloy  it,  and  afcribe  the  alloy  to  the   En^Mn.    N  "* 
Jttann  tells,  that  the  Dutch  keep  Engli^i  ftaxnps  foi  the  f  urp"* 


Of  Tin.  451 

with  the  oxigene  of  the  atmofphere.  Tin,  when  redu- 
ced  to  oxide,  becomes  one-tenth  heavier.  When  this 
metal  IS  made  red  hot,  GeofFroy  has  obferved,  that  its 
oxide  is  gradually  fublimated  by  a  very  lively  whitifh 
flame,  which  he  compares  to  the  flame  of  zinc.  This 
is  aftually  an  inflammation  or  rapid  combuftion  of  the 
metal :  and  the  volatilized  tin  arifes  at  the  fame  time  In 
a  light  fmoke,  which  condenfes  on  cold  bodies  to  a 
whitifli  oxide  of  tin  in  needles.  The  grey  oxide  of 
tin  becomes  white  on  being  again  expofed  to  the  ac- 
tion of  fire  ;  it  then  unites  with  a  new  portion  of  oxi- 
gene, and  is  more  completely  calcined.  In  this  (late 
it  is  called  fin-putty.  When  expofed  to  a  very  inteafe 
heat,  like  that  of  a  porcelain  furnace,  it  melts  into  a 
glafs.  MeflTrs  Macquer  and  Baumc  have  obferved,  on 
treating  tin  in  this  way  in  a  crucible)  that  a  part  of  it 
was  changed  into  a  white,  needled  oxide ;  while  an- 
other part  under  the  former  was  hard,  rcdJifh,  and 
half  melted;  a  third  was  converted  into  ruby  or  hya- 
cinth coloured  glafs  ;  and,  laftly,  there  r^maiar J  in  the 
bottom  of  the  crucible  a  portion  of  the  tin  in  its  me- 
tallic ftate.  Notwithftanding  of  this,  oxid  j  of  tin  is 
ftill  confidered  as  infufible ;  and  it  is  at  leall  the  mofl: 
rcfraftory  of  all  oxides.  This  oxide  may  be  decompofed 
with  the  help  of  combuftible  animal  or  vegetable  mat- 
ters  ;  which  by  detaching  the  oxigene  enable  the  metal 
to  rcfume  all  Its  properties.  It  appears,  however,  that 
tin  putty^  when  thoroughly  calcined,  retains,  with  no 
inconfiderable  force,  the  oxigene  with  which  it  is 
united  ;  for  to  reduce  it  is  very  diflicult,  and  a  great 
quantity  of  combuftible  matters  muft  be  employed  for 
^he  purpofe.     This  has  led  M.  Baume  and  feveral  o- 
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tber  chemifts  to  think,  that  when  tin  ores  are  too  much 
roafted,  a  part  is  fo  changed  as  to  be  no  longer  fufcep- 
tible  of  redudion. 

Tin  does  not  fuSer  much  alteration  from  air ;  when 
very  pure,  it  is  fcarce  liable  even  to  lofe  its  luftre. 
That  which  commonly  palfe$  in  commerce  is  at  le&gn 
covered  over  with  a  grey  duft  ;  but  this  duft,  accord- 
ing to  Macquer,  never  penetrates  deeper  than  the  fur- 
face,  as  the  ruft  of  iron  doeSt  . 

Water  does  not  diffolve  or  calcine  tin  ;  yet  a  piece  of 
tin  exppfed  to  the  adion  of  w^ter  is  at  length  tamilhed, 
and  feemingly  calcined  on  its  furface. 

Earthy  matters  never  contrafl:  any  union  with  this 
metal  j  its  oxide  being  fo  very  infufibk,  never  forms  ei- 
ther tranfparent  or  coloured  glafs  with  vitrifiable  fub- 
ilances.  But  as  it  is  fo  very  white,  it  is  capable  of  in- 
terpofmg  itfelf  among  the  particles  of  glafs,  fo  as  to 
render  it  very  opaque,  and  of  a  dead  white  colour. 
This  fort  of  vitreous  frit  is  called  enameU  The  infut 
bility  of  tin  putty  enables  it  to  deftroy  the  tranfparcocj 
of  any  kind  of  gl<ifs,  and  convert  it  into  a  coloureu 
enamel. 

We  know  not  in  what  manner  lime,  nuignefia,  cr 
alkalis  ad  upon  tin :  but  there  can  be  no  doubt  tba: 
alkalis,  with  the  help  of  water,  may  eflfeft  fome  altentiei; 
on  this  metal ;  for  they  in  a  very  (hort  time  caufe  it  t 
afTume  the  colours  of  the  r^nbow. 

According  to  Kunckel,  the  concentrated  fulphun; 
acid  dlffolves  half  its  weight  of  tin ;  heat  favours  ^^ 
folution.  A  very  pungent  fulphureous  gas  is  dif€J^** 
ged  from  the  matters,  without  any  very  difcemib:: 
emotion  or  effervefcence.    la  this  operation,  thci* 
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fei2es  the  oxigene  of  the  fulphuric  acid  ;  it  is  quickly 
oxiJated,  and  the  acid  retains  fo  much  of  it  as  to  aiFord 
a  precipitate  by  water.  The  fulphuric  acid,  diluted  in 
a  little  water,  ads  in  the  fame  manner  on  tin :  but  this 
folution  is  more  permanent,  and  does  not  afford  fo  co* 
pious  a  precipitate  by  water  as  the  former.  When  the 
acid  is  very  weak,  it  does  not  diflblve  tm  at  all.  In 
this  combination  the  tin  attracts  fo  much  oxigene  from 
the  fulphuric  acid  as  to  form  fulphur  very  quickly. 
The  fulphur  communicates  a  brown  colour  to  the  fo- 
lution when  it  is  hot,  and  when  it  is  cold  fubfides  as  a 
precipitate.  Meflfrs  Macquer  and  Baume  are  convin- 
ced of  the  prefence  of  fulphur  in  this  combination,  Oii 
continuing  to  heat  the  folution,  the  tin  is  precipitated 
in  a  white  oxide.  The  fame  phsenomenon  will  at 
length  take  place,  even  without  the  help  df  heat.  The 
fulphuric  folution  of  tin  is  very  cauftic.  M.  Monnet 
obtained  from  it  by  cooling,  cryftals  refembling  thofe 
of  calcareous  fulphate,  or  in  fine  needles  intermixed 
and  intwined  with  one  another.  The  oxide  of  tin  pre- 
cipitated from  this  folution  by  red  and  heat,  is  foluble 
in  the  fulphuric  acid.  If  the  fulphuric  folution  of  tin 
be  evaporated  to  drynefs,  the  oxide  which  it  then  af- 
fords is  grey,  fcarce  reducible,  and  not  foluble  in  that 
acid.  The  alkalis  precipitnte  tin  diffolved  in  the  ful- 
phuric acid  in  a  very  white  oxide. 

Tin  decompofes  the  nitric  acid,  even  cold,  with  a- 
mazing  rapidity.  This  is  one  of  the  moft  adonifhingly 
rapid  folutions  in  all  chemiftry.  Tin  appears  to  hav^ 
a  very  ftrong  tendency  to  combine  with  the  oxigene  of 
the  nitric  acid  ;  and  as  the  azotic  principle  does  not 
adhere  to  the  oxigenous  with  near  the  fame  obflinacy  as 
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the  fulphur  does  in  the  fulphuric  acid,  it  is  not  at  all  far- 
prifing  that  the  nitric  acid  fhould  be  decompofed  by 
tin  in  a  much  more  rapid  and  lively  manner  than  the 
fulphuric  acid.  M.  de  Morveau  has  obferved,  that  in 
a  folution  of  tin  by  the  nitric  acid,  there  i^as  no  ga> 
difcngaged,  but  there  was  a  portion-of  ammoniac  forni- 
ed.  It  appears  then,  that  not  only  the  nitric  aciJ,  b-: 
the  water,  is  decompofed  by  tin  ;  for  the  ammoniac 
foVmed  in  this  operation  can  only  be  formed  by  the 
union  of  the  hydrogene  of  the  water  with  the  azote  of 
ihe  acid  of  nitre. 

The  tin  is  reduced  into  a  white  oxide,  which  Macquer 
ineffeftually  attempted  to  reduce  to  metal :  this  mer;! 
therefore  appears  to  be  fupetfajurated  with  oxigene. 
The  nitric  acid  retains  only  a  little  of  it  in  folutiua; 
and  when  it  is  evaporated  with  a  view  to  obtain  nitra:e 
of  tin  in  cryftals,  the  tin  which  was  diflblved  in  the 
acid  is  very  foon  precipitated,  leaving  the  acid  almo': 
pure.  Bucquet,  however,  aflerts,  that  a  very  deii- 
quefcent  nitre  of  tin  may  be  ^obtained  from  this  folj- 
tion  ;  but  he  has  not  determined  its  form.  He  afferti 
likewife,  that  on  wafhing  calx  of  tin  formed  by  :h- 
decompofition  of  the  nitric  acid,  the  water  diflblvesa 
little  nitrate  of  tin,  which  may  be  obtained  from  it  by 
evaporation.  The  nitric  acid  retains  a  little  more  v^ 
diflblved  in  it  when  it  is  diluted  in  a  large  proportir. 
of  water  ;  but  it  precipitates  the  oxide  which  it  h:^ 
thus  obtained  either  by  heat  or  by  reft.  Meffrs  Bayt: 
and  Charlard,  in  ihcir  valuable  experiments  on  ti^ 
have  difcovered,  that  when  the  nitric  acid  is  imprc:- 
nated  with  as  much  tin  as  it  can  reduce  to  oxide,  ari 
made  fo  thick  with  it  as  to  be  unfit  for  afling  on  anj 
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tuher  metal ;  the  mafs,  if  ccploiiny  waHied  wuh  diflll- 
Icd  water,  and  evaporated  to  dryncfs,  gives  ^Jlanno- 
7:itroiis  fait,  which  dctciiizcs  by  itfelf  in  a  hot  roafting 
pot,  and  burns  with  a  white  thick  fiame  like  that  of 
phofphorus.  Oxide  of  tin  fufficiently  lixiviated,  affords 
by  exficcation  a  feaii-tranfparent  mafs  referr;bling 
fcalcs.  The  Jl anno  nitrous  fa!t,  when  diililled  in  a 
retort,  fvvells,  boils  up  in  bubbles,  and  on  a  fudden 
fills  the  receiver  with  a  white  thick  vapour  of  a  nitrous 
f;::elh 

The  fuming  muriatic  acid  ails  with  confiderable 
Rrength  on  tin  :  it  dilTblves  the  metal  with  the  help  of 
heat,  or  even  cold  ;  but  -inflantly  lofes  its  colour  and 
the  property  of  fuming.  The  fiiint  etfcrvefcence  which 
takes  place  on  this  occafion,  difengages  from  the  mix- 
ture an  inflammable  foetid  gas,  which,  however,  has  no 
rcfeiiiblance  to  \\^t  fcetor  of  arfenic,  notwlthflanding 
what  fome  chemifts  have  pretended  to  the  contrary. 
Warer  is  therefore  dccompofed  by  tin,  with  the  help  of 
the  muriatic  acid.  That  acid  difl'olvcs  in  this  procefs 
more  than  half  its  own  weight  of  tin.  The  Rlution  is 
ydlowilh,  has  a  very  foLtid  fmell,  and  afi'ords  not,  like 
tiie  preceding  folutions  of  rin  with  acid,  a  precij»i*atc 
of  oxide  of  tin.  "Whtn  this  folution  is  ev-porat^'J,  it 
arFords  verv  ret^^ular  brilliant  needles,  which  attract  a 
little  moiRure  from  the  air.  M.  IMonnet  favs  t/r.t 
lliofe  needles,  after  fiHiri^j;  info  a  dcliquiuT!,  cr\rLti!- 
lizc,  and  reinaJn  dry  in  the  air.  M.  Baiim:,  v,  \o  has  pre- 
pared muriate  of  tin  in  the  j^^^'eat  v.ay,  wi'h  an  hunlred 
and  fifty  pour.ds  of  acid  to  tv/cnty-fivc  pr;v.rxv!.^  of  tin, 
for  the  manufaclurc  of  printed  clotl.^.  gives  9n  accurate 
account  of  fcveral  of  i*s  propcvtici:.     Oi  twelve  pounds 
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of  tin  diflblved  in  forty-eight  pounds  of  muriatic  aciJ, 
there  remained  two  ounces  and  fix  drachms  in  a  grey 
powder ;  which  did  not  diffolve  in  a  pound  of  the  acid, 
though  digefted  in  it  for  a  number  of  days.  Margraif 
thinks  it  to  be  arfenic.  M.  Baume  has  not  examined 
it.  He  compares  the  fmell  of  that  folution  concenm- 
ted  to  that  of  the  black  earths  of  old  privies ;  and  ob- 
ferves,  that  when  it  falls  on  the  fingers,  it  is  impoflible 
to  wafli  or  wipe  away  the  metallic  fmell  of  tin  ^hich 
it  communicates  to  them,  but  which  goes  oflF  of  itfelf 
in  the  courfe  of  four  and-twenty  hours.  He  obfcrves, 
that  the  cryftals  of  muriate  of  tin  vary  according  to  the 
ftate  •  of  the  acid  :  Sometimes  they  are  little  white 
needles.  From  the  fame  folution  he  obtained  both  white 
and  rofe-coloured  needles.  The  rofe-coloured,  when 
purified  by  folution  and  evaporation,  afforded,  bj 
cooling,  large  cryftals  nearly  like  thofe  of  fulphate  cf 
foda.  At  other  times,  employing  the  common  inuri3- 
tic  acid,  he  obtained  the  fait  in-  fmall  pearl-white 
fcales,  like  thofe  of  the  boracid  acid.  He  does  net 
mention  the  adion  of  fire  on  this  fait.  M.  Monnet, 
who  diftilled  the  muriatic  folution  of  tin,  affirms,  that 
he  obtained  from  it  a  very  fufible  un&uous  matter,— i^ 
fhort,  a  true  butter  of  tin,  and  fuming  liquor  like 
that  of  Libavius,  which  we  fliall  hereafter  menticn. 
This  fa£l  agrees  with  what  Macquer  has  obferved  coa- 
corning  a  folution  of  tin  in  the  muriatic  acid,  whi:^ 
was  almoft  entirely  cryftalHzed  during  winter,  but  be- 
came fluid  again  in  fummer;  a  property  which  is  foufii 
to  belong  to  fublimated  muriate  of  tin.  That  illuflricU' 
cliemift  has  obferved,  that  after  a  number  of  yean 
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The  combination  of  the.  muriatic  acid  with  oxide  of  tin 
aifords  a  much  more  copious  precipitate  than  any  of  the 
other  folutions  of  this  metallic  calx,  by  alkalis  and 
lime*  The  alkalis  again  diiTclve  a  part  of  the  precipi- 
tated oxide,  and  aflume  a  brown  yellow  colour.  By  dif- 
folving  large  blocks  of  Englifh  tin,  and  in  general  all 
impure  tin  in  this  acid,  McfTrs  Bayen  and  Charlard  dif- 
covered  at  length  that  Englifh  tin  contains  fome  par- 
ticles of  arfenic.  When  tin  contains  arfenic,  in  propor- 
tion as  the  acid  a&s  on  the  tin  the  metal  aifumes  a 
black  colour  ;  and  when  it  is  totally  diflblved,  there  re- 
mains a  blackifh  powder;  which  is  pure  arfenic,  or  ar- 
fenic combined  with  a  fmall  portion  of  copper.  Tliis 
acid  may  therefore  be  employed  to  afcertain  the  pre- 
fence  of  arfenic  in  tin,  and  determine  its  quantity. 

The  oxigenated  muriatic  acid  diffolves  tin  very  rea- 
dily, and  without  difcernible  effervefcence  \  for  the 
metal  quickly  abforbs  the  excefs  of  oxigene  in  the  acid, 
without  decompofmg  the  water  in  order  to  unite  with 
the  oxigene  which  //  contains.  This  folution  poffef- 
fes  of  confequence  all  the  properties  of  the  foregoing 
folution. 

The  mixed  nitro*muriatic  acid,  <:onfi{ling  of  two 
p2U'ts  of  nitric  acid  and  one  of  the  muriatic,  combines 
wi^h  tin  with  effervefcence.  It  produces  a  ftrong  heat, 
which  fliould  be  diminiflied  by  immerfing  the  mixture 
in  cold  water.  To  compofe  a  permanent  folution  of  tin 
in  this  mixed  acid,  care  muft  be  taken  to  put  the  me- 
tal only  by  degrees  into  the  acid,  and  to  wait  till  the 
firft  portion  be  entirely  diflblved  before  putting  in  a  fe- 
cond.  If  a  large  quantity  of  the  metal  were  put  all 
at  once  into  the  acid,  mod  of  it  would  be  oxidated.    A^ 
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for  when  we  take  a  perfefl  oxide  of  this  metal,  (hat  fcf 
inftance  w^hich  has  long  been  expofed  to  heat,  and  b 
very  white,  or  rather  that  which  owes  its  formation  to 
acids  ;  neither  of  thefe  exhibits  any  fuch  phxnomenoD. 
Tin  decompofes  ammoniacal  muriate  very  readily: 
a  quantity  of  ammoniac,  ftrongly  cauftic,  and  in  a  ga* 
zeous  (late,  is  difengaged.  Bucquet,  who  made  a  ii:- 
Ties  of  experiments  on  the  decompofition  of  ammoniac^ 
falts  by  metallic  matters  and  their  oxides,  obfems, 
that  a  good  deal  of  inflammable  gas  is  difengaged  by 
the  readion  of  tin  on  ammoniacal  muriate.  According 
to  the  experiments  of  that  ikilful  chemift,  metals  decom- 
pofe  this  fait  in  confequence  of  the  muriatic  acidatlio; 
upon  them.  As  we  have  feen  that  the  muriatic  aciJ 
has  a  very  confideraWe  affinity  with  tin,  we  may  cod- 
elude  Bucquet*s  theory  to  be  fatisfaftojy  and  confifte:.: 
with  faSs.  Glauber  gave  out,  that  his  fecret  animoni- 
acal  fait,  or  ammoniacal  fulphate,  was  decompofed  by 
tin  ;  but  according  to  Pott,  who  repeated  Glauber's  ex- 
periment, the  decompofition  is  not  complete,  doubtlcf> 
becaufe  the  fulphuric  has  not  fo  ftrong  a  tendency  ;^ 
the  muriatic  acid  to  combine  with  tin.  Bucquet  liie- 
wife  obferves,  that  as  tin  is  very  fufible,  it  gathers  inv 
a  button  at  the  bottom  of  the  retort ;  and  that  the  am- 
moniacal muriate  of  confequence  is  not  fo  complett!) 
decompofed  by  the  metal  as  it  might  otherwife  be.  T!i^ 
is  the  reafon  why  tin  does  not  decompofe  this  fait  \: 
completely  as  the  lefs  fufible  metals.  The  refida^  - 
this  decompofition  is  folid  muriate  of  tin,  decompofat'!;" 
by  water,  and  refembling  that  formed  by  corroCvcrnc- 
riate  of  mercury  with  this  metal  j  of  which  we  w^'- 
tcreafter  fpeak. 
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Tin  may  be  eafily  combined  with  fulphur  by  cafting 
one  or  two  parts  of  this  combultible  matter  in  powder 
upon  five  or  fix  parts  of  tin  melted  in  an  iron  ladle : 
this  mixture,  being  ftirred  with  an  iron  fpatula,  becomes 
black  and  kindles.  When  melted  in  a  crucible,  it  forms 
a  brittle  mafs  in  flat  bundled  needles.  This  compo- 
fition  is  much  more  difficult  to  melt  than  tin  ;  and  in 
the  fame  manner  all  foft  fufible  metals  are  lefs  eafily 
melted  when  mixed  with  fulphur  than  when  pure.  But 
it  is  worthy  of  our  notice,  that  though  tin  may  be  al- 
loyed with  fulphur,  yet  this  mixture  is  never  found  in  na« 
ture.  With  zinc  the  cafe  is  dircdly  oppofite ;  for  though 
in  nature  it  be  often  found  combined  with  fulphur,  yet 
in  the  laboratory  we  find  it  exceedingly  difficult  to  ef- 
fsQ  fuch  an  union.  Nature  often  differs  greatly  in  her 
operations  from  art :  but  if  (he  fometimes  effed  combi- 
nations which  art  cannot  imitate,  art  alfo  forms  combi- 
nations of  which  nature  difplays  no  pattern* 

Arfenic  fcarce  unites  with  tin  by  fufion ;  being  moft- 
ly  diffipated  by  volatilization  on  fuch  an  occafion.  Ar- 
feniate  of  potaih  combines  better  with  this  metal ;  and 
M.  Baume  has  obfcrved,  that  in  this  combination  a  part 
of  the  acid  of  arfenic  forfakes  the  alkali,  in  order  to  u- 
nite  with  the  tin,  to  which  it  yields  a  part  of  its  oxigene, 
and  the  refult  is  a  brittle  and  very  brilliant  button  with 
facets  like  antimony,  MargraPs  experiments  on  the 
union  of  tin  with  oxide  of  arfenic  by  diftillation,  fhow, 
that  a  part  of  that  oxide  is  reduced  to  arfenic,  while, 
again,  fo  much  of  the  tin  is  oxidated :  that  when  tin  is 
once  united  with  arfenic,  it  cannot  be  again  feparated 
from  it  even  by  themoft  violent  a£tion  of  fire  j  and  that 
tin  probably  retains  always  a  certain  portion  of  arfenic, 

which 
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which  may  render  it  dangerous  in  kitchen  ufes*  B? 
diftilling  oxide  of  tin  impregnated  with  arfenic.  Mar- 
graf  obtained  a  liquor  of  a  phofphoric  fmelL  Me5rs 
Bay  en  and  Charlard  have  fmce  examined  the  combina- 
tion of  arfenic  with  tin.  They  have  obferved,  that  the  ox- 
ide of  arfenic,  fimply  called  ichite  arfenic^  cannot  com* 
bine  with  tin  unlefs  it  be  reduced  to  the  metallic  ftate ; 
and  that  the  combination  may  be  much  better  effected 
by  a  dircfl  combination  of  regulus  of  arfenic  with  tin. 
If  you  put  into  a  retort  three  ounces  fix  drachms  of  tin, 
with  two  drachms  of  regulus  of  arfenic  in  coarfe  pow- 
der, and  after  fitting  a  receiver  to  the  retort,  make  it 
red  hot,  nearly  two  grains  of  arfenic  rife  into  the  neck 
of  the  retort,  and  a  metallic  button,  four  ounces  in 
weight,  is  found  in  its  bottom.  This  mixture,  whicK 
contains  one  fixteenth  of  arfenic,  is  cryftallized  in  large 
facets  like  bifmuth.  It  is  more  brittle  than  zinc,  and 
more  difficult  to  melt  than  tin.  ^  It  becomes  foft  at  firft ; 
and  if  it  be  touched  while  in  this  flate  with  an  iron  rod, 
a  found  is  heard,  produced  by  the  fridion  of  the  plates 
againft  one  another.  It  melts  into  a  clammy  pafte  ;  and 
the  arfenic  goes  then  gradually  off  in  a  fmoke. 

Cobalt  unites  with  tin  by  fufion,  forming  a  mixture 
with  fine  grains  clofely  united,  and  of  a  light  Violet  co 
lour. 

Tin  and  bifmuth  form,  according  to  'Gellert,  s 
brittle  mixture  with  cubic  facets.  Workers  in  tin 
jbmetimes  mix  it  with  bifmuth  to  render  it  white 
and  hard.  As  it  renders  it  much  harder,  and  h 
dearer  than  zinc,  which  produces  the  fame  effed> 
on  tin,  the  workmen  employ  it  only  in  the  prt- 
portion  of  a  pound,  or  a  pound  and  an  half  of  bifmuth 
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to  the  hundred  weight  of  tin :  and  we  have  nothing 
from  Its  effeft  on  the  animal  CEConomy ;  effefts  which 
thj  ftrong  analogy  between  lead  and  bifmuth  in  all 
tlieir  properties  might  move  us  to  fear,  as  likely  to  be 
no  Icfs  fatal  than  thofe  of  tliat  metal.  Bifmuth  may  be 
ftparated  from  tin  with  the  help  of  the  muriatic  acid  ; 
\^hlch  diflblves  the  tin,  leaving  the  bifmuth  feparate  in 
t!ic  form  of  a  white  powder,  provided  the  weak  muriatic 
acid  be  ej.ployed.  The  nitro-muriatic  acid,  when  di- 
luted in  water,  produces  the  fame  effects. 

Antimony  combined  with  tin,  forms,  according  to 
Gellert,  a  very  brittle  white  metal ;  the  fpecific  gravi- 
ty of  which  is  lefs  than  that  of  the  two  metallic  fubllan- 
ces  taken  fcparately. 

Zinc  is  eafily  combined  with  tin  ;  ahd  the  reAlt  is  a 
hard  metal  with  fmall  grains  clofely  united ;  and  the 
more  duclile  in  proportion  as  the  quantity  of  the  tin  is 
greater. 

Cronftedt  aflerts,  that  ni(?kel  combined  with  tin 
forms  a  white  brilliant  mafs  ;  which,  when  calcined  un- 
der a  muffle,  afcends  in  the  form  of  a  vegetating  fub- 
fiance. 

Mercury  diffulves  tin  in  any  proportion  with  the 
greateft  facility.  This  combination  is  effefted  by  pour- 
ing hot  mercury  into  melted  tin.  The  folidity  of  the 
amalgam  thus  produced  varies  with  the  proportions  of 
the  two  metallic  fubftances.  Formerly  there  was  an 
amalgam  compofed  of  four  parts  of  tin,  and  one  of  mer- 
cury, and  run  into  balls,  which,  when  they  cooled,  be- 
came folid.  Thofe  balls  were  fufpended  in  water  to  pu- 
rify it.  The  water  was  at  the  fame  time  boiled  ;  and 
the  predpitation  of  the  extraneous  matter  which  alter- 
ed 
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ed  it  was  entirely  owing  to  ebullition.  This  amalgam  of 
tin  is  fufceptible  of  cryftallization.  It  forms  little  fqinre 
cryftals,  as  M.  Daubenton  has  obferved  of  the  amalgam 
of  tin,  which  he  ufed  for  (lopping  the  mouths  of  TeiTcb 
containinjT  preparations  in  the  King's  garden.  Sage  fays, 
thefe  cryflals  are  grey  and  fparklxng,  in  foliated  plates, 
thinner  at  the  edges  than  in  the  middle,  and  the  inter- 
ftices  among  them  polygon  figures. 

Tin  having  a  greater  affinity  than  mercury  with  o:i- 
gene,  decompofes  corrofive  mercurial  muriate.    Toef. 
fed  this  dccompodtion,  the  tin  is  firft  divided  by  meam 
of  a  little  mercury  :  equal  parts  of  this  amalgam  and 
corrofive  mercurial  muriate  are  then  triturated  toge- 
ther ;  and  the  mixture  is  diftilled  in  a  glafs  retort  by  a 
very  moderate  heat.    There  paffes  firfl  into  the  Tcceim 
a  colourlefs  liquor ;  Toon  after,  this  is   followed  by 
thick  white  vapour,  which  is  forced  up  with  a  fort  of 
explofion,  and  covers  the  fides  of  the  receiver  with  a 
very  thin  layer.    This  vapour  is  condenftd  into  a  thick, 
white,  and  very  copious  fmoke,  known  by  the  name  of 
Libavius^s  fuming  liquor*     It  is  a  combination  of  the 
muriatic  acid  with  tin,  in  which  thf  acid  appean  to 
become   fuperfaturated   with  oxigene.      This  liquor, 
when  inclofed  in  a  phial,  does  not  dilTufe  any  vifibk  T^ 
poun     There  is,  however,  a  certain  quantity  difeoga* 
ged  from  it,  which  depofites  oxide  of  tin  in  needle  cry- 
ftals on  the  upper  part  of  the  phial ;  fo  that  in  a  f<r# 
months  the  lower  end  of  the  neck  is  entirely  clofed  up- 
A  little  of  this  oxide  is  likewife  precipitated  to  the  her- 
torn  of  the  liquor  in  unequal  leaves.     Its  fraell  is  very 
pungent,  and  makes  a  perfon  fneeze.     Its  vapours  are 

not  vifible  except  when  in  contadl  with  the  air.    Tbt^ 
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Teem  to  confift  of  a  gas  of  a  peculiar  nature,  wbicfa  is 
decompofable  by  air  ;  and  on  coming  into  contad  with 
air  yields  a  precipitate  of  oxide  of  tin,  in  the  fame  man- 
ner as  the  fluoric  acid  gas  affords^  on  coming  into  con- 
taJQi  with  water,  a  precipitate  of  (iliceous  earth,  and  as 
iulphurated  hydrogenous  gas  depofites  fulphur  when 
expofed  to  the  contad  of  air.     Can  this  be  a  combina- 
tion of  oxigenated  muriatic  acid  gas  with  oxide  of  tin  ? 
^     Water  does  not  produce  any  difcernible  precipitate 
in  Libavitu's  fuming  liquor  :  but  it  appears  to  operate 
upon  it  a  decompofition  which  has  not  yet.  been  proper- 
ly examined.     When  a  quantity  of  this  liquor,  newly 
prepared,  is  poured  into  diililied  water,  it  produces  a 
kind  of  hiding  like  that  which  the  fulphuric  acid,  high- 
ly concentrated,  produces  when  mixed  with  water.     It 
appears  to  feparate  into  a  great  many  fmall  particles, 
which  are  tranfparent  and  irregular,  and  feem  to  have 
no  adhefion  to  the  water.     On  a  near  obfervation  of 
what  pafTes  when  this  mixture  is  made,  bubbles  are  per- 
ceived rifmg  from  thefe  particles  to  the  furface  of  the 
water,  where  they  are  reduced  to  vapour,  which  is  ren- 
dered white  by  the  contaft  of  air.     When  the  water 
is  (lirred,  thofe  particles  are  quickly  diflblved  }  and  the 
folution  ceafes  to  exhale  vapour.      Macquer  aflirilfis, 
that  when  this  fuming  liquor  is  diluted  in  a  large  quan- 
tity of  water,  it  precipitates  an  oxide  in  light  white 
flakes. 

The  gas  of  the  fuming  liquor  is  fcarce  elaflic.  It  ne- 
ver puflies  out  the  ftopper  of  tlie  phial  in  which  it  is 
confined ;  as  the  nitric  and  the  muriatic  acids,  ammo- 
niac, and  aether,  &c.  do. 

Vqi^  IL  G  g  ^  M.  Adet, 
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M*  Adet,  ^ho  has  resid  t6  the  Academy  a  m^mdiroo 
the  fuming  liquor  of  Libavius^  has  obferved,  i.  That 
the  cffervefcence  which  takes  pUce  whenever  it  is  mix. 
ed  with  water,  depends  on  the  difengagement  of  an  e- 
laflic  fluid  pofTefling  all  the  properties  of  azotic  gas: 
%.  That  the  faming  liquor,  combined  with  water  in 
the  proportion  of  7  to  2^2,  forms  a  folid  bod  j  which  is 
melted  by  heat  and  congealed  by  cold,  and  appears  to 
be  fubjefb  to  the  fjsime  laws  as  oxigenated  muriate  of 
tin,  or  butter  of  tin.  Froni  his  feveral  experiments  he 
concludes  the  fuming  liquor  to  be  nothing  but  a  com- 
pound of  muriatic  acid  in  the  aeriform  (tate^  with  oxide 
of  tin  having  an  eiccefs  of  oxigene.  This  fait,  he  thitiks, 
bears  the  fame  relation  to  (Common  muriate  of  tin,  which 
oxigenated  muriate  of  mercury  bears  to  commoa  mu* 
riate  of  mercury,  or  mercurius  dulcis. 

The  refidue  which  remains  after  the  diftillation  of 
the  fuming  liquor  of  l^ibaviiu  exhibits  as  many  intereft- 
ing  phenomena  as  the  liquor  itfelf;     The  upper  pan 
and  the  neck  of  the  retort  are  coated  with  a  thin  whirc 
or  grey  cruft  ;  which,  according  to  the  experiments  oi 
kouelle  the  younger,  contains  a  little  of  the  Jumif^  li- 
quor^  concrete  muriate  of  tin,  or  corneous   tin,  mild 
mercurial  muriate,  and  running  mercury.    The  bottom 
pf  the  veflel  difplays  an  amalgam  of  mercury  and  tin, 
above  which  there  is  a  little  corneous  tin  of  9  grc)' 
white  colour,  folid  and  compafl,  apd  fufceptible  of  vo 
latilizatibh  by  a  ftronger  heat.    If  this  fubftance  be  ptt 
into  a  retort  it  melts,  and  divides  into  two  flrara ;  iht 
inferior  ftratum  black,  a|id  the  fuperior  white,  and  like 
the  former,  corneous  tin.     Rouelle  appears  to  fufpea, 
that  thefe  two  fubftances,  thus  different  from  each  ctfctr. 
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and  refttfing  to  miz,  are  owing  to  an  alloy  contained  in 
the  tin.      According  to  that  ingenious  chemift,  the 
more  this  metal  is  alloyed,  the  lefs  fuming  liquor  does 
it  afford.     Solid  muriate  of  tin  attra£b  the  moifture  of 
the  atmi^phere,  and  is  very  readily  diflblved  in  water. 
M.  Baome  has  advanced  a  theory  concerning  the  com- 
bination of  tin  with  the  muriatic  acid,  which  is  nearly 
the  fame  with  what  Scheele  and  Bergman  have  advan- 
ced ccmceming  what  they  call  dephlogijiicated  marine 
acid.    He  thinks  that  in  this  operation  the  acid  lofes  its 
pblBgifiony  as  thofe  chemifts  thought  it  did  when  diftil- 
led  in  oxide  of  manganefe.    He  imagines  that  this  add 
might  be  obtained  perfedly  pure  by  a  diftillation  of  the 
fuming  liquor  of  Libavius  ;  from  which  it  appears,  that 
he  confiders  the  common  muriatic  acid  as  fuperfatura- 
ted  with  phlogi/ion.     M  Baum£  was  therefore  prior  to 
Scheele  in  the  difcovery  of  the  two  dates  of  the  muria- 
tic acid  ;  but  he  has  not  defcribed  the  fingular  proper- 
ties which  that  add  poffeiTes  when  oxigenated,  as  has* 
been  done  by  the  (Telebrated  Swediih  chemift. 

The  ufes  of  tin  are  very  many.  It  is  employed  in  a 
great  number  of  the  arts.  It  is  ufed  for  lining  a  great 
many  vefftls,  or  organ  pipes,  for  decorations,  &c.  An 
amalgam  of  tin  is  employed  for  filvering  glafTes.  Cop- 
perfmiths  tin  copper  by  running  a  mixture  of  tin  and 
lead  upon  it :  A  mixture  of  tin  with  copper  is  ufed  for 
bells  and  ftatues  of  bronze.  Tin  workers  mix  it  with 
bifmuth,  antimony,  lead,  and  copper  for  utenfils  of  all 
kinds  ;  which  are  very  liable  to  alteration  by  the  action 
of  air.  Tin  putty  is  ufed  in  polifliing  hard  bodies.  It 
is  melted  with  oxide  of  lead  and  f^nd  for  enamel,  as 
well  as  for  glazing  earthen  ware,  &c.  Cryftallized  mu* 

p  g  2  riate 
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riate  of  tin  is  ured  in  pointing  cloth  ;  a  folution  of  tids 
fait  in  aqjia  regia,  or  the  nitro- muriatic  acid,  improves 
the  dye  of  cochineal,  gum  lac,  &c.  fo  as  to  convert  it 
to  a  lively  fire  colour.  Dyers  ufe  this  folution,  calling 
it  a  compofition  for  dyeing  fcarlet.  When  mixed  on  i 
bath  with  the  above  mentioned  dyeing  (luflfss  it  produces 
a  precipitate  which  carries  off  the  colouring  particles, 
suid  fixes  them  on  the  cloth.  We  owe  this  obfervatm 
to  Macquer,  whofe  labours  have  been  Tery  beneficial 
to  the  art  of  dyeing. 

Some  chemifls  have  confidered  tin  as  very  dangerous 
when  ufed  for  kitchen  uteafils.  Navier,  in  his  work  on 
counter  poifons,  &c.  rctlates,  that  a  number  of  perfoos 
l>ave  been.poiioned  by  ragouts ^  in  which  tin-fpoons  had 
been  fuiFered  to  (land  for  a  while,  and  by  fugar^  kept  in 
tin  cannifters.  Thele  unhappy  effects  are  pfuallya- 
fcribeil  to  th^  arfenic,  which  Geoffroy  in  1738  affertcd 
thai  he  hod  found  to  exift  in  tin,  and  which  Margraaf 
though:  he  iound  in  the  pureft  tins,  ^nd  in  noincoo- 
fiderabk  quantity. 

But  the  r.-ars  thus  excited  have  beeq  difpelled  by  the 
eipc'i'r.ie?^*&  of  Mcflrs  Bayen  and  Charlard,  of  which 
we  .'i^v,.  already  had  occafion  to  take  notice  it^  thehi- 
flt  i )  of  i\v>  metal.  Thofe  cheinifts  have  proved,  by  ik 
nioit  deciiive  experiments,  i.  That  the  arfenic  obtain- 
ed by  Margraaf  from  the  tin  of  Morlai:;,  amounting  to 
nearly  fix  and  thirty  grains  to  an  half  ounce  of  tic, 
would  have  been  much  more  than  fufficient  to  deftroy 
the  known  foftneCs  and  flexibility  of  the  metal,  23^ 
render  it  as  brittle  as  zinc,  2.  That  the  tins  of  Ban- 
^a  and  Malacca  contain  not  a  particle  of  that  dangerous 
fcmi-metal.     3.  That  large  blocks  of  Englifli  tin,  whea 

♦         cxpofei 
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exp6fed  to  the  action  of  the  muriatic  acid,  afibrd  a 
finall  quantity  of  a  blackifli  powder,  wliich  is  general- 
ly mixed  with  copper  and  arfenic ;  the  arrenic,  how- 
ever, never  amounting  to  more  than  three-fourths  of  a 
grain  to  the  ounce  of  tin,  and  being  often  under  that 
proportion.  4.  That  this  imall  proportion  of  arfenic  is 
rendered  ftill  lefs  by  the  tin  workers,  who  ufually  mix 
l^.L/yiGi  tin  with  the  purer  tins  of  Malacca  or  Banca. 
5.  That  arfem'c  by  combination  with  tin  lofes  a  part  of 
its  properties  and  o^  its  corrofive  powers.  6.  Laftly^ 
That  the  very  fniall  quantity  of  alloyed  tin  which  en- 
ters into  the  alimenr<  prepared  in  tin-ve{r<?ls,  cannot  pof- 
fibly  have  any  influence  on  the  animal  oeconomy  ;  for, 
from  the  moft  accurate  calculation  of  the  lofs  fufiered 
by  a  tin-plate  in  two  years  wear,  it  was  found  to  have 
loft  not  more  than  three  grains  a  month  ;  and  of  coufe« 
quence  ^^Vo  °^  ^  grain  of  arfenic  a  day,  fuppoling  the 
tin  work  of  Paris  to  contain  as  much  of  that  poifonous 
femi-metal  as  the  tin-pUtc  of  Loudon  manufadure,  on^ 

which  31.  Bayen  made  this  obferviition. 

« 

We  may  obu:rve,  that  if  the  chemifts  of  Paris  do  not 
quite  agree  uiih  Margraaf,  the  c:»ffer':Rce  may  be  occg- 
fioned  by  the  ditfu^nce  beixwcu  the  Saxon  tin,  on 
which  his  experiments  were  made,  and  the  Indian  and 
EngHfh  tiiis  which  they  have  examined. 

Farther,  many  phyficians  who  had  (ludied  the  medi« 
cal  powers  of  metallic  matters  had  before  pronounced 
tin  perfwftly  hannlefs,  and  h?J  e^cn  reconriicnded  the 
gising  if  in  tilin,;:;s  for  {ii'i.r.ljrN  -jLLTjui:'..;  the  liv^r,  ur  the 
mattix,  and  lor  worms.  Schuiz,  in  his  diiTwrtaiioa  on 
the  uie  of  metal  vjilels  in  prepariijg  aliments  and  medi- 
cines, thinks  tin,  when  vtry  pure,  to  be  very  fafc.     La 
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Poterie  ufes  oxide  of  tin  in  preparing  a  medid&e 
which  he  calls  anti-be^icy  and  which  is  nothing  hat  i 
lixivium  of  oxide  of  antimoify  and  oxide  of  tin  foraed 
by  the  detonation  of  nitre. 

Tin  has  been  recommended  as  a  vermifage.  At  £&> 
burgh  large  dozes  of  it  have  been  adminiftered  withTc: 
fucceis.  Some  country  people  are  in  ufe  to  leave  fveet 
wine  (landing  for  four  and  twenty  hours  ia  a  tin  veS^ 
and  to  give  that  liquor  by  glafTes  to  their  children  fa: 
the  worms.  Navier  faw  a  girl  of  the  age  of  fifteen  s 
fixteen  difcharge  by  (tool  thirty  large  worms  in  a  lev 
hours  after  drinking  a  preparation  of  this  kind.  Tbis 
medicine  afts>  therefore,  as  a  violent  purgative. 
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LEAD  is  an  imperfed  metal  of  a  dark  white  colour^ 
inclining  fomewhat  to  blue.  The  alchemifts  gave 
it  tile  name  of  Saturn^  becaufe,  as  we  will  afterwards 
fee,  it  abforbs  and  devours,  fo  to  fpeak,  all  other  imper- 
icd  metals  in  its  fcorification.  It  is  the  leaft  dudile, 
the  leaft  fonorous,  and  the  leaft  elaftic  of  all  metals.  It 
may  be  hammered  into  thin  plates :  it  is  rendered  very 
little  harder  by  this  operation.  There  is  no  metallic 
matter  kfs  tenacious  than  lead,  a  leaden  thread  -^  of  an 
inch  in  diameter  cannot  fuftain  more  than  294-  pounds 
weight  without  breaking.  In  gravity  it  is  the  third  me- 
tallic  fubftance.  A  cubic  foot  of  lead  weighs  82S 
pounds :  in  water  it  lofes  between  •—-  ^^^  iV  P^^^  ^^  ^^^ 
weight :  it  is  fo  very  foft  that  it  may  be  eafily  cut  with 
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a  knife*  It  has  a  very  difcernible  peculiar  fmell,  vhid 
becomes  (lili  more  difcernible  when  it  is  rubbed :  iu 
taile  is  fcarce  fenfible  to  x\lt  palate,  but  irritates  the 
nerves  gf  the  flomach  and  the  inteflines,  fo  as  to  pro> 
duce,  firft  pains  and  convulAons,  and  at  length  (lupor 
and  palfy.  It  may  be  caufed  to  affume  a  regular  fom. 
The  Abbe  Mongez  obtained  it  in  quadrangular  pyra- 
mids lying  on  their  fides  in  fuch  a  form  that  one  of  tht 
four  fides  was  always  much  larger  than  the  other  three. 
Each  pyramid  confifls  of  ftrata,  or  zones  of  other  fmal- 
ler  pyramids,  or  rather  oftohaedrons. 

Lead  i^  fcarce  ever  found  pure  in  the  earth.  WaII^ 
rius  and  Linnaeus  admit  its  exiftence  in  that  (late; 
which  is  denied,  however,  by  MefTrs  Cronftedt,  Juili, 
Monnet,  &c.  It  is  moft  commonly  in  an  cartij, 
faline  ftate,  or  mixed  with  fulphur,  fo  as  to  form  what 
is  called  Galena.  Lead  mines  are  generally  at  a  grat 
depth  under  ground,  and  are  fituated  either  in  hills  or 
in  plains.  Naturalifts  have  diftinguifhed  a  great  maoj 
fpecies  of  lead  ore.  The  following  are  thofe  moft  vcr- 
thy  of  notice. 

I  •  Native  oxide  of  lead.  This  mufl  not  be  confound- 
ed with^^rf^r  /^tfrf  which  contains  carbonic  acid.  This 
oxide  does  not  effervefce  with  the  nitric  acid.  It  is 
ufually  in  white  or  grey  ponderous  folid  niaffes,  perhaps 
mixed  with  clay,  fand,  and  chalk.  The  colour  of  the 
clay,  according  as  it  is  more  or  lefs  ferruginous,  gaiw 
it  the  name  of  native  majftcot^  or  minium^  or  yellow  aoJ 
red  oxide.  Native  cerufe  ot  lead  is  often  met  wiihoQ 
the  furface  of  galenas. 

2.  Carbonate 
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2.  Carbonate  of  lead,  or  oxide  of  lead  combined 
With  the  carbonic  acid.  This  ore  varies  greatly  in  co- 
lour :  it  18  either  white,  black,  brown,  yellow,  or  green, 
according  to  the  ftate  of  the  iron  by  which  it  is  alter- 
ed. It  bears  the  general  name  of  fparrj  lead^  its  con- 
texture and  cryftallization  being  the  fame  with  thofe  of 
certain  fpars.  It  effervefces  with  the  nitric  acid,  which 
difengages  the  carbonic  acid  it  contains*  This  fpecies 
is  diftinguifhed  into  the  following  varietiefi. 

Vamties. 

A.  White  fparrj  lead.  This  is  carbonate  of  lead 
flowly  depofited  in  cryftals  by  water.  This 
lead  is  fometimes  femi-tranfparent  like  fpar. 
Its  cryftals  are  ufually  truncated  hexahsdral 
prifms,  or  ftriated  cylindric  columns,  which 
appear  to  confift  of  a  great  number  of  fila- 
ments, or  very  fiend  er  fmall  needles.  Some 
fpecimens  of  this  kind  of  lead  are  of  a  fpark- 
ling  white  colour  X^tfilky  gypfum.  There  are 
others  of  a  yellowifli  white  colour-  1  here  are 
generally  fome  of  thefe  prifms  fiftulous.  White 
fparry  lead  is  very  pknteous  in  Low  Brittany 
in  the  mines  of  Huelgoet  and  Poullaouen.  Al. 
Sage  gave  out,  that  white  lead  was  mineralized 
by  the  muriatic  acid.  M.  Labori^'  has  affirmed 
it  to  be  only  a  pure  oxide  of  lead  combined 
with  fixed  air,  or  carbonic  acid,  and  minera- 
lized by  water.  The  Academy  of  Sciences  at 
Paris  having  caufed  the  experiments  of  bcih 
thefe  chemifts  to  be  repeated,  have  ailopttd 
the    opinion   of  M.    Laborie  ^    and  Karqucr 

has 


474  Of  Lead. 

Varieties. 

has  given  it  in  his  didionary  tinder  the  article 
kad  ores.  Sparry  lead  is  always  found  in  the 
fame  places  with  galena ;  and  appears  to  be 
nothing  but  galena  that  has  loft  its  folphur, 
and  of  which  the  lead  has  been  oxidated ;  for 
it  is  not  uncommon  to  find  galena  begtnmn; 
to  pafs  into  the  ftate  of  white  lead  ;  as  has  been 
very  well  obferved  by  M.  Rome  de  Lille. 

B.  Some  naturalifts  admit  the  exiftence  of  black 

lead ;  that  is,  white  lead  altered  by  a  fulj^u- 
reous  vapour,  and  reduced  to  the  metallic 
(late :  it  may  be  confidered  as  poflefling  a  kind 
of  middle  nature  between  white  lead  and  gale- 
na.    It  is  cryftallized  in  irregular  mafe. 

C.  Green  fparry  lead.    This  mineral  is  more  or  lefi 

c^  a  tranfparent  green,  moft  frequently  yellow- 
ifli,  and  always  mixed  with  ochre  and  eartbj 
iron.  Sometimes  it  has  no  regular  form,  bat 
rdembles  a  kind  of  mofs.  Of  this  kind  are  moft 
of  the  fpecimens  from  Hoffsgrund^  near  Fn- 
burgh,  in  Brifgaw.  Green  lead  is  commonly 
cryftallized  in  hexahaedral  priims,  either  trun- 
cated, or  terminating  in  hexaha^dral  pyramids 
entire,  or  truncated  near  the  bafe.  A  good 
deal  of  it  is  found  at  Sainte-Marie-aux-Mines, 
and  at  Tlchoppau  in  Saxony.  It  has  been 
proved  that  lead  owes  its  green  colour  to  a  mix- 
ture of  iron,  as  iron  is  always  found  in  the  ores 
of  this  metal. 

D.  Reddiih  fparry  lead  of  the  colour  of  peach 

flowers.    M.  .Mongez  has  found  this  variety 

cryftallized 
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Varieues. 

cryftallized  like  white  fparry  lead  in  the  minet 
of  Huelgoet. 
£•  Tellow   fparry  lead.      This  variety,  which  is 
cryftallized  in  tranfparent  hexahsedral  plates, 
has  been  known  only  for  thefe  few  years  :  the 
plates  are  from  half  a  line  to  four  or  five  lines 
in  diameter :  they  refemble  glafs  of  lead. 
3. M.  Monnet has difcovered among  leadores fome of 
die  metal  combined  with  the  futphuric  acid.    It  is 
commonly  in  a  white  mafs,  foluble  in  eighteen  parts  of 
water  :  it  is  fometimes  blackifli  and  cryftallized  in  very 
long  ftriae,  or  friable  ftala&ites.     This  laft  variety  e£- 
florefces  in  the  air,  and  changes  into  a  real  fulphate  of 
lead.     On  account  of  this  property,  M.  Monnet  calls  it 
fyriimu  •rt  of  lead.    Dr  Withering  fays,  there  is  in  the 
iile  of  Anglefey  a  great  quantity  of  lead  and  iron  mine- 
ralized together  by  the  fulphuric  acid. 

4«  Lead  ore  appears  to  be  combined  with  the  arf^nic 
acid  in  the  red  lead  ore  of  Siberia  ;  which  was  firft  de- 
fcribed  by  M.  Lehman  an  the  year  1766.  This  ore  is 
of  a  very  fine  red  colour,  and  its  duft  refembles  carmine 
powder.  It  is  often  cryftallized  in  rhomboidal  tetrahae- 
dral  prifms,  which  are  ftort  and  obliquely  truncated. 
M.  Mongez,  who  thinks  arfenic  to  be  in  the  ftate  of 
acid  in  all  red  ores,  has  difcovered  another  ore  oi  a 
greenifh  yellow  colour,  which  comes  from  Siberia,  and 
like  tlvs  laft  mentioned  contains  arfenic. 

5.  M.  Gahn  has  recognized  the  exiftencc  of  the  phof- 
phoric  acid  ia  a  greenifli  lead  ore :  this  ore  is  fome- 
times, too,  yellow  and  reddiih^  and  on  difTolving  it  in 
the  nitric  acid>  and  precipitating  the  ozi^e  of  lead  by 

the 
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the  fulphuric  acid,  the  phofphoric  acid  is  obtained  by 
evaporating  the  fupernatant  liquor.  Meflrs  la  Methcric 
and  Tenant  at  Paris  have  confirmed  Gahn's  analyfis.  M. 
de  Laumont  has  written  a  memoir  on  native  phofphate 
of  lead,  which  is  very  plenteous  in  Britanny. 

6.  Lead  is  ofceneft  found  in  combination  with  ful- 
phur :  This  ore  bears  the  name  of  galena  ;   in  com- 

m 

merce  it  is  alfo  called  alqulfoux.  This  fulphure  of  leal 
generally  confifls  of  plates  having  nearly  the  colour  and 
afpefl:  of  lead,  but  more  brilliant,*  and  very  brittb 
There  are  a  great  many  diftind  varieties  of  galer^j 
namely : 

Varieties. 

A.  Cubic  Galena.     Its  cubes  are  of  various  fizes, 

and  either  infulated  or  in  groupes.  It  is  alfo 
found  in  regular  oftohaedrons.  I'here  is  a  ta- 
riety  of  it  which  the  Abbe  Hauy  calls  a  cubk  6(- 
tohadron.  Its  furface  exhibits  fix  fquares,  and 
eight  equilateral  triangles.  Some  mineralogifts 
have  called  it  a  cube  truncated  at  the  angles. 

B.  Mafly  Galena.     This  is  in  maffes  without  any  re- 

gular configuration.  It  abounds  at  Sainte  Marie. 

C.  Galena   with   large   facets.     It   appears    not  to 

form  regular  cryftals,  but  is  entirely  compofed 
of  large  plates. 

D.  Galena  with  fmall  facets.     This  galena  appears 

to  confift  like  mica  of  fmall  and  very  bright 
white  fcales.  It  is  called  white  Jiher  ore^  on  ac- 
count of  its  containing  a  large  proportion  of 
that  metaf.*  Of  this  kind  is  the  galena  of  the 
mines  of  Pompean  in  Brittany. 
£•  Galena  wi'h  fmall  grains^  fo  called  becaiife  ivt 
grains  arc  very  clofe :  this  pre  is  likcwife  very 
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rich  in  filver,  and  is  found  along  with  the  laft 
mentioned  ore.     Galenas  in  general  contain 
fiiver  :  We  know  of  none  which  does  not  con« 
tain  filver  but  the  galena  of  Carinthia.     But  it 
has   been  obferved,   that  the  galena  with  the 
fmalleft  facets  and  clofeft  grains  affords  mod  fil- 
ver.     It  would  appear,  that  filver  being  in  fome 
manner  unfit  for  entering  into  the  combination 
of  galena,  of  confequence  deranges  the  regula* 
rity  of  its  cryftallization  when  it  happens  to  en- 
ter  into  it. 
F.  Galena  cryftallized  like  fparry  lead  in  hexagonal 
prifms,  or  cylindric  columns.     It  is  found,  as 
well  as  the  lad  mentioned  ore,  in  the  mines  of 
Huelgoet  in  Low  Brittany.     It  is  not  rich  in 
filver,  and  appears  to  be  only  fpathofe  lead  mi- 
neralized without  having  loft  its  form.     In 
faft  we  fometimes  obferve  in  the  fame  piece 
cryftals  of  pure  fparry  lead  entirely   covered 
with  very  fine  galena,  and  others  entirely  chan- 
ged into  galena  through  the  interior  parts  of 
the  prifms.     M.  Rome  de  Lille  is  in  poffeflton 
of  a  number  of  fuch  fpecimens.     I  have  in  my 
own  cabinet  a  fpecimen  of  white  lead  ore,  the 
bafe  of  whofe  prifms  is  abfolutely  in  the  ftate 
of  galena,  and  which  difplays  the  change  of 
which  I  am  fpeaking. 
Galena  is  generally  found  between  two  borders  of 
blackifli  ochraceous  quartz  containing  a  good  deal  of 
filver,  though  that  metal  be  not  at  the  firft  obfervable. 
M.  de  Dolomieu,  to  whom  we  owe  the  obfervation  of 

this 
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this  fact,  conjedures,  that  the  lead  might  be  irt  firft 
mixed  with  this  filver  \  and  that  the  water  carrying 
cS  the  iroperfed  metal  left  the  finer  metal  in  the 
gangue.  M«  Moimot  has  difcovered,  that  many  gale- 
nas efflorefce  like  pyriies.  He  tells  us,  that  he  obtain- 
ed true  fulphate  of  lead  by  wafhing  one  of  thofc  ores, 
the  furface  of  which  was  white,  and  bore  the  appear- 
ance of  an  efflorefcence. 

J.  Lead  is  fometimes  combined  in  nature  with  fuU 
phur,  antimony,  and  filver.  This  ore  is  called  antimo' 
mated  galena^  and  is  of  a  needled  ftriated  ftrudurc  like 
antimony :  the  prefence  of  the  femi-metal  is  known  by 
the  afcenfion  of  a  white  fublimate  when  the  ore  is  cal- 
dtted«  It  is  found  at  Salberg  and  Sainte*Marie-aux« 
Mines. 

8.  There  is  another  fort  of  galena,  in  which  the  lead 
is  combined  with  fulphur,  filver,  and  iron.  This  mar- 
tial galena  is  harder  and  more  folid  than  any  of  the 
feregomg*    When  fcorified  it  affords  yellow  lead. 

9.  Laftly,  Lead  is  often  met  with  in  oadde  and  gale- 
na mixed  in  fandy  or  calcareous  earths  and  ftones. 

As  almofl:  ail  lead  ores,  and  efpecially  galenas,  contain 
a-confiderabie  proportion  of  fdver^  it  requires  to  be  care- 
fully aifayed.  For  this  purpofe,  after  pounding  and 
wafliing  a  certain  quantity  of  the  ore,  it  is  carefully  put 
in  a  pot,  which  mull  be  covered  to  prevent  it  from  fly- 
ing out.  Galena  Xuffers  little  lofs  by  roaftingf  After 
Iiavlng  undergone  this  operation,  it  is  weighed  and 
melted  with  three  times  its  own  weight  of  black  flax, 
and  a  little  decrepitated  marine  fait.  The  fised  alkali 
of  the  black  flux  abforbs  the  fulphur  from  the  lead:  the 
coal  of  tartar,  which  is  another  part  of  the  fame  flux, 

fervcs 


Of  LeatL  479^ 

ferves  10  reduce  the  metal  from  the  ftate  of  oxide,  and 
the  marine  fait  prevents  the  evaporation  of  a  part  of  the 
metal  contained  in  the  crucible.  After  the  melting,  a 
button  of  lead  is  found  in  the  crucible,  and  mufl  be 
carefully  iveighed.  The  metallic  button  is  in  the  next 
place  calcined^  and  vitrified  on  a  cupel,  to  feparate  the 
filver  which  it  contains.  The  refult  of  this  afTay  is  not 
entirely  to  be  trufted  to ;  for  the  alkali  ufed  as  a  flux 
forms  with  the  fulphur  of  the  galena  liver  of  fulpbur^ 
or  fulphure,  which  diflblves  a  portion  of  the  lead.  Be- 
fides,  black  flux  is  too  expenfive  a  redu^Uve  matter  to 
be  ufed  in  labours  of  this  kind  in  the  great  way.  It 
may  therefore  be  proper  to  attempt  the  fufion  of  this 
ore  on  coals,  in  a  reverberating  furnace,  either  by  it* 
felf,  or  with  an  addition  of  fome  cheap  matters,  fuch 
as  iron  and  glafs-gall,  in  a  fmall  proportion,  to  abforb 
the  fulphur. 

Bergman  propofes  the  ufe  of  the  nitri<!  acid  for  af« 
faying  lead  ores.  That  acid  difTolves  lead  and  oxide 
of  iron,  but  produces  no  efieA  on  fulphur.  The  folu* 
tion  is  precipitated  by  carbonate  of  foda;  and  132  grains 
of  this  precipitate  are  equal  to  ico  grains  of  lead  in  a 
metallic  (late.  When  the  ore  happens  to  contain  filver, 
the  oxide  of  filver  is  feparated  by  ammoniac,  which  has 
the  power  of  difTolving  it. 

At  Pompean,  in  working  lead  ore  containing  filver, 
after  pounding  it,  and  wafhing  it  with  great  care  on 
tables,  they  carry  it  to  the  furnace,  where  they  firft 
roafl  it  with  a  moderate  heat,  and  afterwards  melt  it 
by  increafing  the  fire.  The  melted  lead  is  taken  out 
of  the  furnace  by  a  hole,  which  correfponds  to  one  fide 
of  the  hearth,  and  is  flopped  with  clay  during  the  ope- 
ration. 
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ration.  The  lead  is  moulded  into  pigs ;  and  now  sc- 
qoires  the  name  of  wrought  kad.  It  contains  filver. 
To  feparate  the  filver,  the  wrought  lead  is  put  into  an* 
other  furnace,  \hk  hearth  of  which  is  covered  with 
afhes  that  have  been  lixiviated,  fifted,  and  prefled  down 
upon  it.  On  one  fide  of  the  hearth  of  this  furnace 
there  are  two  large  bellows,  and  oppoflte  to  them  two 
gutters,  called  the  pajfages  of  the  litharge.  When  ibe 
fiimace  becomes  hot,  the  lead  is  oxidated  ;  a  part  o( 
it  is  evaporated  and  fubli  mated  in  fmall  chimnies  over 
the  paflages  of  the  litharge :  another  porrion  of  the 
metal  is  abforbed  by  the  floor  of  the  iurnace ;  a  third, 
sind  that  the  mod  confiderable  portion,  is  oxidated  ar^d 
partly  vitrified  ^  and  this  laft  portion  receives  the  name 
of  litharge.  It  is  blown  out  of  the  furnace  with  the 
bellows ;  the  action  of  which  likewife  contributes  to  the 
oxidation  and  vitrification  of  the  lead,  by  pouring  a 
copious  (Iream  of  air  on  the  metal  when  in  fufion 
When  litharge  has  been  calcined  by  a  moderate  fire,  it 
is  in  a  red  fcaly  powder ;  it  is  then  called  merchant i  li- 
tharge y  becaufe  it  is  fold  in  this  ftate,  or  golden  C- 
thargCy  oa  account  of  its  colour.  If  it  has  been  eipo- 
fed  to  a  flronger  heat,  it  is  then  nearer  a  ftate  of  vitri- 
fication, end  of  a  pale  colour :  and  it  now  bean  the 
name  oiftlver  litharge.  Laflly,  If  the  furnace  be  v^^t' 
▼ery  hot,  the  litharge  is  more  completely  melted,  anu 
runs  into  the  form  of-  irregular  ftala£tites  ;  it  is  noff 
called  frejh  litharge.  When  the  operation  is  finiftc?- 
the  filvcr  which  was  contained  in  the  lead  remains :: 
the  forir*er.  This  filver  muft  be  refined  in  fmall  piec: . 
in  order  that  it  may  throw  off  the  lead  which  (lil)  rf- 
jodauis  among  its  particles. 


Lead,  a^  being  oxidated  in  the  refining,  is  agaia 
melted  on  coab,  after  which  it  contains  but  a  very  few 
particles  of  filver.  It  is  now  run  into  pigs  and  fold  in 
this  fornu  Sparry  lead  is  melted  among  Coals  in  the 
lame  way  as  the  oxides. 

When  lead  is  ezpofed  to  fire,  it  melts  long  before 
becoming  red  hot*.  The  heat  requifite  to  maintain  it 
in  fiifion  is  fo  flight,  that  a  perfon  may  put  his  hand  in« 
to  melted  lead  without  feeling  any  pain  ;  and  in  that 
ftate  it  does  not  bum  yegetable  fubftances.  It  is  feared 
volatile ;  yet  a  very  ftrong  heat  ^ill  volatilize  it ;  and 
it  then  gives  out  fmpke,  and  is  reduced  to  vapour  like 
the  more  fixed  metals.  If  it  be  left  to  cool  very  flow* 
ly  when  melted,  and  if  after  a  part  becomes  folid,  what 
ftill  remains  fluid  be  decanted  oflF;  the  folid  part  is 
found  cryftallized  in  quadrangular  pyramids,  the  form 
of  which  we  have  already  defcribed. 

Lead  expend  to  the  contad  of  air  while  it  melts,  is 
covered  wtdi  a  grey  duflcy  pellicle*  This  pellicle  is 
carefully  taken  oflF,  and  reduced  by  agitation  into  a 
greenifli  grey  powder,  inclining  to  yellow.  When  this 
oxide  is  feparated  by  a  fieve  from  the  grains  of  lead 
which  are  ftill  intermixed  with  it,  and  again  expofed  to 
a  more  intenfe  heat  fufficient  to  make  it  red  hot,  it  aH- 
fumes  a  deep  yellow  colour.  In  this  ftate  it  is  called 
mqfficot.  Majlcai^  flowly  heated  by  a  moderate  fire^ 
takes  a  beautiftil  red  colour,  and  obtains  the  name 
of  minium.  If  expofed  to  a  ftrong  heat,  mafficot  melts 
into  a  glafs,  and  does  not  aflFord  any  minium. 

Lead,  by  being  oxidated,  gains  an  increafe  of 
weight  nearly  in  the  proportion  of  ten  pounds  to  the 
hundred  weight.    This  increafe  of  weight  which  lead 
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gains  when  reduced  to  oxide,  and  the  circumftance  of 
air's  being  liecciTary  to  this  operation,  led  John  Rey,  a 
phyfician  at  Perigord,  to  conjedure,  that  air  became  fix- 
ed in  this  metal  when  it  was  calcined.  Dr  PriefUy  has 
confirmed  John  Rey's  opinion  by  extra&ing  vital  air 
from  minium.  Oxide  of  Lead,  though  very  high  co 
loured,  may  be  entirely  divefled  of  its  colour.  Minium^ 
if  rather  too  much  heated,  becomes  ps^le  :  when  nrgd 
with  fire,  without  having  any  other  fubftance  inter- 
mixed, it  melts  into  a  tranfparent  glafs,  fo  fufible  as  tc 
penetrate  and  make  its  way  through  all  crucibles,  do:- 
yrithftanding  whatever  can  be  done  to  retain  it.  But 
a  mixture  of  one  part  of  fand  with  three  parts  of  oxide 
of  lead  melts  into  a  beautiful  amber- coloured  giais,  tk 
oxide  contributing  to  the  fuixon  of  the  fand.  The  tinc- 
ture of  that  glafs  is  fainter,  and  refembles  the  colour  of 
topaz,  when  two  parts  of  oxide  of  lead  and  one  a^ 
fand  or  pulverized  flint  are  melted  together.  A  fmalie: 
quantity  of  oxide. of  lead  added  to  common  glafs  doe; 
not  alter  its  tranfparency,  butincreafes  its  fpecific  gn* 
vity,  and  gives  it  a  kind  of  un&uoufnefs,  M^hich  re^ 
ders  it  eafier  to  be  cut  and  poliihed  without  breakiifi{ 
This  glafs  is  the  mofl  proper  for  making  achromaOl| 
lenfes,  but  is  very  liable  to  be  ftriated,  and  gelatine 
in  its  appearance.  The  Englifh  call  it  flint  gla/i. 
merchants  have  no  fmall  difficulty  to  find  any  lar] 
pieces  without  flriac  in  that  which  they  import 
England.  This,  which  is  a  very  confiderable  inconi 
nience,  arifes,  as  Macquer  thinks,  from  the  circi 
jtance  of  the  principles  of  the  glafs  not  combining 
formly  together.  To  make  them  combine  uniford 
it  would  be  neceflary  to  keep  them  long  in  fufion ; 
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at  the  lead  is  volatilized,  the  flint  glafs  theii  lofes  part  of  • 
its  denfity,  as  well  as  that  uhifhioufnefs  which  conflitutes 
its  peculiar  value. 

Although  all  the  phaenomena  which  attend  the  oxi* 
dation  and  vitrification  of  lead,  fhbw  that  it  combines 
with  the  greateft  facility,  and  in  a  very  rapid  manner 
with  the  bafe  of  pure  air,  or  oxigene ;  yet  it  is  aAiong 
thofe  metallic  matters  which  have  the  lead  tendency 
to  remain  in  combination  with  the  oxagenous  prin- 
ciple ;  for,  as  has  been  proved  by  Dr  Prieftley,  it  may 
be  feparated  from  it  by  the  aftion  of  fire  only.  When 
minium  is  expofed  to  an  intenfe  heat  in  a  retort,  vital 
air  is  obtained  from  it,  anda  part  of  it  is  reduced  to  lead* 
All  the  oxides,  and  even  glafles  of  lend,  are  eafily  de- 
compofable by  combuftible  matters:  all' that  is  necef- 
fary  for  this  purpofe  is  to  mix  them  with  charcoal,  tal- 
low, oils,  refin,  or  in  {hort  any.  inflanjmable  vege-- 
table  or  animal  fubftance;  .and  to  heat  them  till  they 
afford  a  button  of  lead.  This  metal  has  therefore  a 
weaker  affinity  than  moft  oiher  metallic  fiibftances 
with  oxigene  \  and  if  it  agreed  wiih  tiii^iafome 'proper- 
ties,  in  its  oxidation  and  redudion  it  is  fubjcd  to  irepy- 
diflerent  laws.  Thefe  phaenomena  afford  a  ixtw  proof 
in  favour  of  what  we  have  adranced  a^.tine  of  the  laws 
of  the  affinity  of  compofuion  ;  namely,  tliat  we  are 
not  to  judge  of  the  affinity^*  fubfiftihg  betw^n  any 
two  bodies  by  the  fcicility  with  which  they  combine, 
but  rather  by  the  obitina<iy  with  wluch  they  adhere 
together. 

All  the  oxides  of  lead,  and  more  efpecially  minium, 
abfcrb  a  certain  quantity  of  carbonic  acid  when  expo- 
fed  to  the  air.     And  in  order  therefore  to  preferve 
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oxide  of  lead  pure,  it  muft  be  kept  from  the  contaft 
of  air ;  or  the  carbonic  acid,  which  it  has  abforbed 
from  the  air,  may  be  feparated  by  heating  it  before  it 
be  applied  to  any  ufe. 

.  Lead,  when  expofed  to  the  air,  is  tamifhed ;  and  the 
more  moift  the  air,  the  fooner  does  it  produce  this  ef- 
fe£k  on  the  metaL  A  white  dufl:  is  formed,  and  gn- 
dually  carried  oflF  by  the  water  ;  that  white  duft  is  net 
pore  oxide  of  lead,  but  oxide  of  lead  combined  vitb 
carbonic  acid  abforbed  from  the  atmofphere.  The  fil- 
ver  which  is  extraded  from  old  lead  that  has  been 
long  expofed  to  the  air,  is  produced  in  confequence  of 
the  lead  not  having  been  refined  when  it  was  firft  em- 
ployed, and  being  in  part  oxidated  by  the  aftion  of  the 
air  of  the  atmofphere.  The  filver  not  having  been  fe* 
parated  from  it  at  the  firft,  has  remained  unaltered, 
and  has  eveii  gradually  increafed  in  quantity  as  the 
imperfefl  metal  has  been  deftroyed  by  time. 

Lead  fuffers  no  alteration  from  pure  water ;  the  ID^ 
tal  does  not  feparate  the  component  principles  of  the 
fluid ;  yet  the  fides  of  leaden  water-pipes  are  covered 
over  with  a  whitiih  cruft,  or  a  kind  of  cerufe^  the  pn>- 
dudion  of  which  is  owing,  no  doubt,  to  the  action  of 
the  various  matters  contained  in  the  water  upon  the 
metallic  fubftance.  M.  Luzuriaga  fays,  that  on  di- 
king lead  in  grains,  in  a  little  water,  in  contafi  vitt 
air,  the  metal  is  fpeedily  reduced  to  an  oxide* 

We  know  nothing  of  the  adion  of  falino-terrese 
fubftances  and  cauftic  alkalis  on  lead  or  its  oxides« 

This  metal  is  foluble  in  all  the  acids.  The  coimxh- 
trated  fulphuric  acid  ads  upon  it  only  when  boiiiif ; 
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and  it  is  likewife  requifite  that  the  lead  be  in  thin 
plates.  Sulphureous  gas  efcapes  during  the  re-adion 
of  the  metal  and  the  add.  When  the  acid  is  moftlj 
decompofed,  the  mixture  becomes  white  and  dry; 
when  waihed  with  diftilled  water  it  feparates  into  two 
portions.  The  moft  confiderable  of  the  two  is  infoluUc 
in  water :  it  conlills  of  oxide  of  lead  formed  by  the  ox* 
igene  that  the  metal  attrads  from  the  fulphuric  add, 
which  has  at  the  fame  time  given  out  a  good  deal  of 
fulphtireous  gas.  This  oxide  may  be  mdted  or  redu* 
ced  in  the  fame  way  as  that  produced  by  the  joint  ac» 
tion  of  fire  and  air.  The  other  portion,  diflblved  by 
the  water,  is  a  combination  of  the  fulphuric  add  with 
oxide  of  lead :  this  folution  affords,  when  evaporated, 
fmall  needles  of  fulphate  of  lead.  M.  Baume  and  Buc* 
quet  have  not  defcribed  this  fait  as  fubfiiUng  in  any 
other  form  but  this.  M.  Monnet  has  fometimes  ob* 
tained  it  in  (hort  prifmatic  columns.  M.  Sage  nearly 
agrees  with  M.  Monnet, .  for  he  tells  us,  that  fulphate 
of  lead  affords  cryftals  in  tetrahaedral  prifms.  This 
fait  is  very  cauftic,  at  leaft  1 8  parts  of  water  are  re* 
quifite  to  diffolve  it ;  it  is  decompofed  by  fire,  lime,  or 
alkalis. 

The  nitric  add  appears  to  aft  very  ftrongly  on  lead* 
When  the  acid  is  highly  concentrated,  and  in  no  great 
quantity,  the  lead  is  fpeedily  reduced  to  a  white  oxide 
with  the  oxigene,  which  is  difengaged  from  (he  nitric 
add  at  the  fame  time  when  nitrous  gas  is  difengagedt 
But  if  the  add  is  weaker  and  in  greater  quantity,  left 
of  it  is  decompofed,  and  there  remains  enough  to  dif« 
folve  the  oxide  of  lead.    As  the  folution  is  effeSed, 
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there  is  a  grey  powder  precipitated,  which  M.  Grofle 
took  for  mercury  ;  but  M.  Baume  affirms  it  .to  be 
oxide  of  lead*  I  have  many  times,  hut  dill  ineiFeftual- 
ly,  attempted  to  obtain  mercury  from  it  by  fublima- 
tion,  as  alfo  by  urging  it  with  fire  fufficiently  intenfc 
to  reduce  it  to  mercury  if  it  were  mercurial  oxide. 
This  folution  gives  no  precipitate  with  water ;  by  cool- 
ing, it  affords  cryftalsof  a  dead  whire  colour,  in  a  flat 
triangular  form,  with  all  their  angles  truncated. .  ITic 
fame  folution,  fubjedted  for  fevieral  monihs'  to  a  flow 
evaporation,  afforded  qryftal^,  the  largeft  of  vhScb 
were  about  an  inch  in  breadth,  and'  their  figure  an 
hexahacdral  pyramid,  with  three  fides^,  alteriiately  fmaii 
and  iarge,  and  it^  point  truncated  in  fuch  a  manner  as 
to  render  it  a  Iblid  odlagon.  Roiiellehas  given  a  good 
defcriptiori  of. this  fait.  Nitrate  of  lead  decrepitates 
when  expofed  to  fire,  and  melts  with  a  yellowifli  flame 
when  laid  en  a  burning  coal ;  the  oxide  of  lead,  which 
IS  at  firft  yellow,  is  very  fpecdily  reduced  taglobulesof 
lead.  This  fait  is  decoii^pofable  by  lime  and  alkalis. 
The  fulphuric  acid,  though  u  acts  but  very  xveakiy  on 
lend,  has,  ho\vcver,  a  greater  aRinity  than  the  nitric 
acid  wiih  the  oxide  of  this  metal.  Pure  fulphuric 
acid,  or  even  an  earthy  or  alkaline  fulphate,  poured 
into  a  nitric  folution  of  lead,  produces  in  a  few  mo- 
ments a  white  precipitate.  This  precipitation  takes 
place,  becaufe  the  fulphuric  acid  attrafUng  rhe  oxide 
of  lead  from  the  nitric  acid,  forms  fulphate  of  lead, 
not  very  foluble,  and  fipiilar  to  that  whirfi  is  prepared 
by  an  immediate  combination  of  the  fulphuric  acid 
with  this  metal. 

The 
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The  pure  muriatic  acid,  ^vith  the  aflidance  of  heat, 
is  capable  of  oicidafing  lead,  and  diffolves  a  part  of  the 
oxide  ;  but  it  is  not  eafy  to  faturate  it  conipletely.  This 
foldtion  contains  al^vay9  an  excefs  of  the  acid  :  by  a 
ftrong  evaporation,  however,  it  affords  fine,  bright  need- 
led  cryftals,  as  has  been  obferved  by  M.  Monnet  Mu^ 
riate  of  lead  is  fomewhat,  though  but  very  little,  liable 
to  deliquiate.  Lime  and  alkalis  diffolve  this,  as  well  as 
the  foregoing  falts.  This  metal  may  be  more  readily 
and  more  intimately  combined  with  the  muriatic  acid, 
by  pouring  the  acid  either  free  or  combined  with  an. al- 
kaline or  earthy  bafe  into  a  folution  of -nitrate  of  lead  : 
A  white  precipitate,  much  more  copious  than  that  for- 
med by  the  fulphuric  acid,  and  refembling  a  coagulum^ 
18  inftantly  produced.  This  precipitate  is  a  combination 
of  oxide  of  lead  with  the  muriatic  acid,  which  has  fe* 
parated  the  metallic  oxide  from  i^e  nitric  acid.  This 
fait  fublides  to  the  bottom  of  the  liquor,  becaufe  it  is 
much  lefs  foluble  in  water  than  nitrate  of  lead.  If 
cxpofed  to  fire,  it  gives  out  vapours,  and  melts  into  a 
brown  mafs,  called  corneous  lead^  on  account  of  the  re- 
femblance  it  bears  to  the  filver  which  is  dillinruifhed 

o 

by  the  fame  epithet.  It  dilfqlves  well  enough  in  thirty 
times  its  weight  of  boiling  water.  The  fclution  of  this 
fait  when  evaporated,  cryftallizes  into  fmall  flender 
brilliant  needles  bundled  together,  or  joined  at  one  end 
under  an  obtufe  angle.  M.  Sage  Jays,  this  folution 
gives  by  very  flow  evaporation  cryftaJb*  in  ftriatcd  hcx- 
ahacdral  prifms.  The  folution  of  corneous  lead  is  de^- 
compofable  by  the  fulphuric  acid,  which  caufes  it  to 
yield,  like  the  nitric  folution  of  lead,  a  whiteprecipitate- 
II  h  4  Tliis 
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This  difcovery  was  made  by  Grofle,  and  has  been  con- 
firmed by  M.  Baum^,  and  all  other  chemifts  who  have 
repeated  the  experiment.  It  <:ontradids  the  cighih 
column  of  GeoiFroy's  table,  which  reprefents  lead  ai 
having  a  greater  affinity  with  the  muriatic  than  vicfa 
any  of  the  other  mineral  acids. 

All  folutions  of  lead  yield  either  black  or  brown  pre- 
cipitates when  expofed  to  the ,  adion  of  earthy  or  alka- 
line fulphures ;  and  the  fulphure  then  unites  with  tbe 
oxide  of  lead  to  form  a  fort  of  galena :  a  circutnftance 
which  feems  io  indicate,  that  the  lead  exifts  in  this  or 
in  the  ftate  of  oxide.  In  thefe  operations  there  i$  a 
double  decompofition,  though  not  a  double  ^ledive  at- 
tradion ;  for  the  alkaline  bafe  of  the  fulphure  is  akme 
fufficient  to  decompofe  fulphate,  nitrate,  and  muriate 
lead. 

All  the  oxides  o(  lead  are  as  eaiily  decompofed  is 
acids  as  lead  itfelf ;  nay,  often  eafier  than  the  me- 
tal. In  ihefe  folutions  mini^m  lofes  its  colour.  Lead 
does  not  a£t  on  fulphuric  neutral  falts,  nor  does  it  de- 
compofe fulphate  of  potafli  by  heat,  as  tin,  zinc,  aod 
antimony  do. 

Lead  gives  no  fenfible  detonation  with  nitre.  When 
the  neutral  fait  is  reduced  to  powder,  and  fo  cafton 
the  metal  in  a  ftate  of  fufion  and  a  little  red,  fcarce 
any  motion  of  the  matters,  and  no  difcernible  fiame, 
follows.  However,  the  lead  is  oxidated  and  vitrified 
by  the  alkali  of  the  nitre,  and  is  found  after  the  open- 
tion  in  fmall  yellowiih  leaves  like  litharge. 

Lead,  with  the  help  of  heat,  decompofes  ammonia- 
cal  muriate  very  readily.  This  property  is  common 
to  it  with  m^ny  other  xjietals.    Any  oxide  of  lead  tri- 
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turated  cold  vnik  diis  fait,  makes  it  give  out  ammonia- 
cal  gas.    But,  when  this  ndxture  is  heated  in  a  retort, 
the  decompofiiion  is  very  rapid.    The  ammoniac  ob- 
tained, in  confeqnence,  is  very  cauftic  and  poignant. 
Some  chemifts  have  advanced,  that  volatile  alkali  ex- 
traded  by  minium^  effervefces  vfkh  acids,  and  have  in- 
ferred that  minium  muft  therefore  contain  carbonic  a^ 
cid.     Bocquet  obferved,  that  this  effervefcence  was  of- 
ten owing  to  a  portion  of  the  ammoniac  gas  voladlized 
by  the  heat  produced  by  the  OMnbination  of  the  alkali 
with  the  add  ;  and  that  it  did  not  take  place  when  the 
acids  employed  were  concentrated   He  made  one  inge- 
nious and  very  dedfive  experiment  to  determine  this. 
Introdudng  into  a  bell  glafs,  over  mercury,  ammoniac 
obtained  by  minium^  he  conveyed  into  it  a  portion  of 
fulphuric  add  pretty  ftrong,  and  fuffident  to  faturate 
the  alkalis.    At  the  inftant  when  the  two  fubftances 
were  mixed,  an  ebullition  was  produced,  and  a  quan- 
tity of  gas  difengaged,  and  again  rapidly  abforbed, 
which  was  nothing  bat  ammoniac  gas.     However, 
fmce  it  is  acknowledged  that  oxides  of  lead,  and  parti- 
cularly red  lead  or  minium^  contain  carbonic  add,  in 
confequence  of  having  abforbed  it  from  the  atmofphere, 
it  will  be  granted,  ^that  the  ammoniac  difengaged  by 
thofe  oxides  muft  acquire  a  part  of  it.    The  mafs  re- 
maining in  the  retort,  after  the  decompofition  of  fal 
ammoniac  by  miniumj  is  muriate  of  lead,  which  mdts 
by  a  moderate  heat  into  corneous  lead,  and  may  be 
totally  difiblved  in  water.    This  is  the  mdted  mafs 
which  Margraff  made  ufe  of  in  compofing  phofphorus 
of  urine. 

Hydrogenous 
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Hydrogeaeus  gas  alc^s  lead  in  sl:v6r7  ftnfiblenm* 
ner;  it  colours  its '  furface^  •  and  commtuiicates  to  it 
changeable. clouds,  of  the  (hadefi.  of  tkeiraiabow;  it  re- 
duces oxide  of  lead.  Mimjum,  vhezi  brought  into  con- 
lad  >^ith  this;  gas,  becomes  blaftk,  and .  takes  the  ap* 
pearance  of  lead.  I>  Prieftly  |ias  obferved,  that  a 
g}afs  tuba  containing  bydrogenbu^  gas^  and  hermetical- 
ly fealed,  on  being,  expofed  for  a  number  of  days  to  the 
h^at  of  a  fend^bath,  becoxneis  black,  within  like  foor^ 
s[nd  a  vacuum  is  at  tfaiefarae  time: formed,  and  drops  of 
vi^ttx  are  .produced  in.  the  tu^be.  This  beautiful  phe- 
nomenon is  explained  by  confideriagthat  faydrogese 
has  a  greater  affinity  than  lead  with  oxigene  ;  a  farther 
proof  of  which  is^  that  this  met^  does  not  ad  at  afi 
upon  water.  Englifb  glafs  contains  a. good  deal  of  ox* 
ide  of  lead  :  Hydrogenous  gas,  re^ading  upon  that  ox- 
ide, gradually  abftrads  from  it  the  oxigene  \«;hich  it  con- 
tainEi,  and  combines  with.  it. to  form  water,  while  the 
lead  regain^. its  metallic  cplour. 

Sulphur  eafily  unites;  with  this  metal.  When  thefe 
two  fubdances  are  melted  together,  the  produd  is  a 
fort  of  brittle  mineral  with  facets,  "and  of  a  detp 
grey  fp^irkling  colour.  Salphure  of  lead  is  very 
X^^  galena^  and  is  much  more  d^ffieult  to  melt  than 
lead.  Thisphasnomenon  is  peculiar  to  the  combinariom 
of  the  metals  with  fulphur*  Very  fufible  metals  be- 
come difficult  to  melt  ^hen  mixed  with  fulphur; 
while  again,  fuch  metals  are  as  difficult  to  melr,  In- 
come Very  fufible  when  united  with  this  combuftibli 
matter. 

We  know  nothing  of  the  mixture  of  lead  with  ar- 
fcnic.    Neither  nickel,  manganefe,  cobalt,  nor  ziflc, 

combine^' 


Of  'Lead.  491 

combines  with  this  metal  by  fufion.  Antimony  forms 
a  brittle  mixture  with  lead,  with  fmall  brilliant  &« 
cats,  in  colour  and  contexture  refembling  iron  or  fteel, 
according  to  the  proportions  in  which  the  principles  of 
the  mixture  are  combined  together ;  the  fpecihc  gra- 
vity of  this  compound  is  greater  than  that  of  the  two 
metallic  fubftances  taken  feparately. 

Lead  unites  with  bifmuth,  and  forms  by  this  combi- 
nation a  mixed  metal  of  a  fine  clofe  grain,  and  Very 
brittle.  Mercury  diflblves  lead  with  the  greateft  fa«r 
cility.  This  amalgam  is  made  up  by  pouring  hot 
mercury  into  melted  lead.  It  is  white  and  fparkling, 
and  in  a  certain  fpace  of  time  becomes  folid :  when 
triturated  with  amalgam  of  bifmuth,  it  becomes  as 
fluid  as  running  mercury.  It  is  a  circumftance  wor- 
thy of  our  notice,  that  this  fingular  phsenomenon  takes 
place  in  the  union  of  three  metallic  matters,  which  are 
very  fufible,  very  ponderous,  and  more  or  lefs  volatile. 

Lead  combines  readily  with  tin  by  fufion.  Two 
parts  of  lead  and  one  of  tin  form  a  mixture  more  fu- 
fible than  either  of  the  two  metals  feparate,  and  con- 
flitute  the  folder  ufed  by  plumbers.  Eight  parts  of 
bifmuth,  five  of  lead,  and  three  of  tin,  form  a  mix- 
ture which  is  fo  fufible,  that  the  heat  of  boiling 
water  is  fuiHcient  to  melt  it,  as  M.  d'Arcet  has  difco- 
vered. 

As  a  mixture  of  lead  and  tin  is  applied  to  many 
ordinary  and  domeftic  ufes ;  and  as  the  firft  of  thefe 
metals  is  capable  of  communicating  fome  very  noxi- 
ous qualities  to  the  utenfils  formed  of  the  fecond, 
nhich  are  ufed  in  the  kitchen  and  in  the  labora- 
tory; 
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tory ;  it  is  of  importance  to  know  how  to  afcert^u 
the  proportion  of  the  lead  in  thole  veflfels,  for  it  is 
often  above  what  the  regulations  of  government  al- 
low. Meflrs  Bayen  and  Charlard  have  given  a  very 
good  procefs  for  determining  what  quantity  of  this 
dangerous  metal  may  be  contained  in  any  given  quan> 
tity  of  tin.  It  confifts,  in  diflblving  two  ounces  of  the 
tin  in  five  ounces  of  very  pure  nitric  acid,  waihing 
the  oxide  of  tin  thus  obtained  in  four  pounds  of  dif- 
tilled  water,  and  evaporating  the  water  on  a  bal- 
jdeum-marids.  This  evaporation  affords  nitrate  of 
lead,  which  mud  be  calcined ;  and  the  refidue  ii 
weighed  as  the  quantity  of  lead  contained  in  the 
two  ounces  of  tin  ;  allowing  fome  grains  for  the  ad- 
ditional weight  which  it  muft  have  acquired  by  oxi- 
dation, as  well  as  for  the  other  metallic  fubftances, 
fuch  as  21  nc  and  copper,  which  may  poflibly  be  coo- 
tained  in  the  tin.  Thofe  chemifts  thus  afcertained, 
that  fine  wrought  tin  contains  about  ten  pounds  of 
lead  in  the  hundred  weight;  and  that  again,  that 
which  is  fold  as  common  tin,  contains  generally  twen- 
ty-five pounds  of  lead  to  the  hundred  weight.  This 
is  an  enormous  proportion  of  lead,  and  thofe  who  ufe 
veffels  of  coir.mon  tin  are  certainly  expofed  to  no  fmall 
danger.  It  is  almoft  continualfy  met  with  in  thofe  vefieb 
which  are  very  much  in  common  ufe ;  fuch  as  mea- 
fures  for  diflributing^  fluids,  particularly  wine.  It  ii 
cafy  to  fee,  that  a  liquor  which  becomes  fo  quickly 
four,  muft  combine  with  the  lead,  and  convey  into  the 
yifcera  of  the  poor  wretches  compelled  by  ncceffity  to 
^riak  it,  the  feeds  of  difeafe,  which  becomes  the  more 
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affi£tire  and  fatal  becatife  its  caufe  is  often  unknown. 
Pewterers  have  feveral  ways  of  afcertaining  the  fine- 
nefs  of  tin  and  the  quantity  of  the  lead  which  it  con* 
tains.  Bare  infpedion  is  often  fufficieat  to  them  y  and 
when  this  is  not  fufficient,  the  weight  and  the  found  of 
the  metal  are  all  that  they  require  farther  in  order  to 
judge  of  it.  They  have  two  methods  of  afTaying.  The 
one  called  the  affaj  by  the  Jlone^  is  performed  by  run- 
ning the  melted  tin  into  an  hemifpheric  cavity,  cut  ia 
a  thunder-ftone,  and  terminating  in  a  gutter.  The  ap- 
pearances which  the  tin  exhibits  as  it  cools,  its  colour, 
the  roundnefs  of  its  furface,  the  depreflion  of  the 
middle  part  of  its  furface,  the  found  which  proceeds 
from  that  part  of  the  metal  contained  in  the  gutter 
when  twifted  backwards  and  forwards,  are  fo  many 
marks  which  the  Ikilful  workman  carefully  obferves, 
and  by  which,  from  long  habits  of  obfervation,  he  is 
enabled  to  determine  ezadly  the  quality  of  the  metal 
tinder  examination.  However  this  be,  the  mode  of  aflay 
employed  by  the  Parifian  pewterers,  does  not  appear  to 
be  fo  accurate  as  that  ufed  by  the  pewterers  in  the  other 
parts  of  the  kingdom.  This  fecond  afiay  is  called  the 
ailay  by  the  ball^  or  by  the  medal ;  becaufe  it  confifts  in 
running  the  tin  to  be  a0ayed  in  a  mould  which  gives  it 
the  form  either  of  a  ball  or  of  a  flat  mafs,  in  form  like 
a  medal.  The  weight  of  this  moulded  fpecimen  is 
then  compared  with  a  piece  of  fine  tin,  of  equal  bulk, 
run  into  the  fame  mould.  The  more  the  tin  examined 
exceeds  in  weight  the  fpecimen  of  fine  tin,  the  greater  is 
the  quantity  of  the  lead  with  which  it  is  alloyed.  Me&s 
Bayen  and  Charlard,  with  good  reafon,  prefer  the  lat- 
ter 
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t€r  of  thefe  modes  of  affaying,  as  its  principles  are  furer 
and  lefs  liable  to  fallacy,  than  thofe  circumftances  on 
which  the  workman  determines  in  the  afTay  of  ilx 
ftone. 

Lead  is  applied  to  a  great  many  purpofes.    It  enrers 
into  many  mixtures ;  pipes  for  conveying  water  are 
formed  of  it.     Its  oxides  are  ufed  in  making  glafs  and 
preparing  enamels.     It  is  ufed  to  imitate  the  colour  of 
yellow  precious  ftones,  and  to  render  fufible  the  mat. 
ters  ufed  for  glazing  earthen  ware.     Veffels  and  other 
utenfils  for  many  purpofes  in  ordinary  life  are  made  of 
this  metal,  but  the  ufe  of  them  is  not  without  danger  to 
the  health.     Water  fuffered  to  ftand  in  leaden  bafons 
or  fountains,  is  liable  to  acquire  noxious  qualities  from 
the  lead.     The  vapour  of  this  metal  is  dangerous  to 
the  workmen, who  melt  it ;  and  its  duft  ftill  more  fo  to 
tliofe  who  file  or  grate  it  down*    This  metal,  by  infi- 
nuating  itfelf  into  fome  corners  of  theftomach,  and  fix- 
ing there,  occafions  the  moft  painful  colics,  which  are 
often  attended  with  the  vomiting  of  a  green  bile,  and 
caufe  the  belly  to  flatten,  and  contraft  the  navel  in- 
wards.    Ic  has  been  obferved,  that  antimonial  emetics 
and  purgatives  are  the  happiell   medicines  in  fuch  a- 
fes.     Navier  recommends  various  alkaline  fulphuresfu 
poifoning  by  preparations  of  lead,  as  well  as  agaim* 
the  cffefts  of  arLnic  and  corrofive  mercurial  marisic. 
That  phyfician  praifes  alkaline  fulphure  and  fulphu- 
reous  waters,  more  efpecially  for  their  good  effect^iJ 
removing    the   palfy   and   tremulous   motions,  whici 
ufually  continue  to  effeft  patients  after  the  painter  J 
colic.    The  plain  inference  from  thefe  fafts  is,  that  v« 
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muft  ceafe  to  employ  preparations  of  lead  intemallyy 
and  make  ufe  of  it  only  as  an  external  medicine^  and 
beiides,  it  (hould  not  be  ufed  even  externally  but  with 
all  the  precautions  neceflary  when  we  employ  a  violent 
repercuifive. 
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